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Onions in Hawaii and around the world

Hector Valenzuela, Robin Shimabuku, Bernie Kratky, and Randall Hamasaki

Bulb onions Allium cepalL. var. cepg originated in  tion, the larger will be the bulbs and the greater will be
southwest Asia and the Mediterranean region. Onionshe crop yield. Plants grown from large onion sets (small
have been used as a condiment in the cuisines of anciemtature bulbs) bulb earlier than plants grown from
China, India, and Egypt for well over 4000 years. Al- smaller sets of the same age or from seed. The chrono-
though its main role in cooking is to provide flavor, on- logical sequence of crop maturity for the different types
ion is a significant source of vitamin C and potassium,of onion propagules is (first) dry onion sets, (second)
contains about 60 calories in a medium-sized bulb, andransplants from seed, and (last) direct-sown seed.
has a very low sodium content. Onion and its relatives  Night temperatures below 99 (10°C) for a 2-3
in the Amaryllidaceae family have long been used byweek period will induce bolting (seed stalk formation)
many cultures for the treatment of various ailments, andn onions after the 7—10-leaf stage. However, little bolt-
modern science is beginning to reveal more potentiaing occurs if temperatures are around~Migh tem-
health and medicinal benefits of these plants. Of parperatures during early growth also induce bolting.
ticular interest is the traditional use in many cultures of
onion and garlic to improve blood circulation, which
may reduce the incidence of heart attack and strokes. Climate and day|ength
Onion relatives mcludg shaI.Iots, S(?alllons, rakkyo requirements for bulbing

(rankyo), the green bunching onion, chives, and several
species used as ornamentals. Scallions are bulb oniomxaylength and temperature influence bulb formation in
harvested when the bulbs are 1-2 inches in diameteonions. Also, before bulbing can occur, a certain amount
while the top-growth is still green and upright. At this of vegetative growth is required before the plant can
growth stage, the bulb is mild and sweet and suited forespond to daylength. At a specific threshold, past the
use in green salads. Rakkyo is grown for its small bulbsjuvenile” stage of leaf growth, the plant becomes sen-
for pickling. The growth habit of rakkyo is similar to sitive to the bulbing stimulus that is triggered if the days
shallots, but it has a different flavor. are long enough.

When daylength is at or greater than the threshold

for bulb initiation of the particular cultivar (cultivated
Onion growth variety) of onion being grown, bulbing occurs if the av-
o o _ erage daily temperature is%0(16°C) or above and the

Bulb onion is a shallow rooted, biennial plant that is average night temperature is 6028Q16-28C). If the
grown as an ann_ual. It has long, hollow leaves with W'd'requirement for daylength is not met (that is, the days
ening, overlapping bases. The tubular leaf blades argys not long enough when the onion plant is physiologi-
flattened on the upper surface, and the stem of the plangyly mature), leaf production continues without bulb
also is flattened. Roots arise from the bottom of the growsormation. The bulbing response is stronger when night-
ing bulb. Leaf initiation stops when the plant begins totjme temperatures are low, and also with larger plants.
bulb. The base of each leaf becomes one of the “scales” | jgntintensity, light quality, and other factors inter-
of the onion bulb, so the final bulb size depends in pargct with temperature and daylength to influence the
on the numbe_r of leaves _present at bulb initiation. Theoulbing response of onion cultivars. For example, with
leaf base begins to function as a storage organ at bulyarm weather and bright days, onions bulb at shorter
?nitiation, so the §ize of the leafy part of the plant alsodaylengths than when the days are cool and overcast.
influences bulb size. Thus the more leaves present anflycessive nitrogen applications near this time may de-
the larger the size of the plant at the onset of bulb |n|t|a1ay the bulbing response, even if the critical daylength
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period occurs at the right stage of crop growth. with hard bulbs that store well. When long-day onions
Optimal temperatures for onions are in the range ofare grown in Hawaii, they produce only foliage.
60—70F (15-20C) during early growth and 70-80 To ensure a good crop, plant seeds at least 60 days
(20-27C) during bulb development. Once bulbing has before the daylength reaches the threshold required to
been initiated, the growth of the bulb is influenced bytrigger bulbing. Transplant seedlings at least 30 days
temperature. Research indicates that onions maturingefore that date. Bulb ripening, indicated by the neck
under hot conditions will have a lower dry matter con-drying and the tops falling over, generally requires the
tent than those that mature under cooler conditions, andame daylength or longer than that for bulb initiation,
in general the lower the dry matter content—the fleshieras well as temperatures in the range of 70~§20—
the onion, the less pungent it is. 27°C) and dry soil and atmosphere. Onion cultivars best
Onion cultivars are classified into groups based onadapted for growth in Hawaii initiate bulbs when days
the amount of daylength required to trigger bulb forma-are 11.3-13.8 hours long, and they ripen at 13—-13.8 hour
tion (Tables 1, 2). Although with respect to bulb forma- daylengths.
tion onions are broadly classified as long-day plants,
horticulturists distinguish groups of so-called short-day,
intermediate-day, and long-day onion cultivars. Cultivars
Short-day onions initiate bulbing when days are 12—
13 hours long. These mild-fleshed onions, also calledladitionally, production of mild (“sweet”) onions in Ha-
“European types,” have soft bulbs that are unsuitablavaii has been with short-day onion cultivars. Within the
for prolonged storage. They generally are grown belowshort-day group, there is a range of bulbing response to
35° latitude and are commonly grown in Hawaii. Short- day-length. For example, although ‘Granex 33" and
day onions grown in the northern USA bulb very soon'Texas Grano 1015’ are both short-day cultivars, the
after planting and become little more than onion sets. former is considered the shortest and the latter the long-
Intermediate-day onions have a 13.5-14 hourest of the group. To ensure bulb development, it is im-
bulbing threshold. Like the short-day onions, they arePortant to select the appropriate cultivar for the particu-
relatively soft-fleshed and are grown for the fresh mar-@r planting time. Failure to select a cultivar with an ap-
ket. They are typically grown at 338 latitude. Itis  Propriate bulbing response to daylength can result in
possible to grow intermediate-day cultivars with a €ither premature or delayed bulbing. Table 1 is a gen-
daylength threshold between 13.5 and 13.8 hours irgral guide to onion cultivars suitable for Hawaii, based
Hawaii. Plantings need to be properly timed so that theé®n trials of onion cultivars. However, variations in field
crop receives the appropriate daylength for bulbing. Management practices and climate conditions also af-
Long-day onions require a daylength of 14.5 hoursfect a cultivar’s bulbing response to daylength. Little
for bulbing. These “American” types are very pungent,WOfk has been done in Hawaii to test intermediate-

Table 1. Some bulb onion cultivars classified according to the daylength required for bulbing in Hawaii.

Short 2 Intermediate ¥
“Short™-short “Medium™-short X
Granex 33 Chula Vista Cimarron
Yellow Granex hyb. Linda Vista New Mex Yellow
Mercedes Texas Grano 1015 Midstar
Rio Bravo Evita
Rio Zorro DPS 1001
Cougar
Sweet Sunrise
Jaguar
Awahia (pungent)
Monsoon

Savannah Sweet

zShort-day cultivars are most commonly grown in Hawaii. “Short’-short-day cultivars are adapted to spring and fall planting; “medium”-short-day cultivars are planted
in summer.

YIntermediate-daylength cultivars that bulb when daylength is between 13.5 and 13.8 hours are also adapted for late spring planting (summer bulbing) in Hawaii. The
cultivars listed were assessed in CTAHR trials on Molokai (elevation 375 ft), but they have not been tested elsewhere in Hawaii.

*Within the “medium” short-day group, ‘Chula Vista’ and ‘Linda Vista’ have the shortest daylength requirement, while ‘Texas Grano 1015’ has the longest.



Table 2. Daylength periods, including civil twilight, for the
Hawaii latitude 21 °N.

‘Henry’s Special’ (flattened-globe, slightly top-shaped),
and ‘Sweet Dixie’ in Florida; ‘Rio Hondo’, ‘Gold Ex-
press’, and ‘Gran Prix’ (Imperial Valley “sweets”); and

Daylength Period Duration of ‘Early Supreme’. The popular Georgia-grown “Vidalia”
(hours) period (days) sweet onions are defined by the Federal Register as on-

1.3 - 12 Jan.1 — Feb. 24 55 ion cultivars “of the hybrid Yellow Granex, Granex par-

12 - 13 Feb.24 — Apr. 15 50 entage, or any other similar cultivar recommended by

13 - 135 Apr.16 - May 13 28 the Vidalia Onion Committee.” Cultivars that fall under
135-138-135 May 14— Aug. 1 80 this category include ‘Dessex’, ‘Granex 33’, ‘Granex

135 - 13 Aug.2 - Aug.31 30 : o r 2Te

13 - 12 Sept.1 — Oct. 18 48 429, ‘Rio Bravo’, ‘Sweet Georgia’, ‘Sweet Vidalia’,

12 - 113 Oct. 19 - Dec.31 75 and ‘Savannah Sweet'. ‘Sugar Queen’is a Vidalia-grown
Shortest day 11 hours, 16 minutes (Dec. 22) onion with rapid growth and early maturity. Cultivars
Longest day 13 hours, 50 minutes (June 22) not classified as Vidalias that do well in Georgia include
(rom Nakagawa 1957) red and white Granex types, Texas Grano types (502,

1015, 1025), and some other short-day cultivars.
Short-day, white-skinned onion cultivars grown in
other locations include ‘Eclipse’ in Florida; ‘White Su-

daylength onion cultivars, but some of them can bePreme’, ‘Reina Blanca’, and ‘Contessa’ (deep-globed,
planted in the spring to produce bulbs during Hawaii'strim necked, early cultivars) grown in the Imperial Val-
longest days. Selecting among this group for cultivardey of California; ‘White Granex’ and ‘Texas Early
adapted for summer production in Hawaii may revealWhite’, globe-shaped cultivars grown in Texas; and
useful new cultivars to meet particular market demands White Tampico’ grown in Central America. Short-day,
The short-day, mild-fleshed bulb onions currently red-skinned onion cultivars grown in other locations in-
grown in Hawaii include ‘Granex 33’ (late maturing), clude ‘Red Creole C-5’ (pungent, Florida); ‘Red Grano’,
‘Yellow Granex’ hybrid (early maturing, deep-flat ‘Rio Raja’, and ‘Rojo’ (Imperial Valley); and ‘Red
shape), and ‘Texas Grano 1015’ (large, round globe)Granex’ (Texas).
Cultivars formerly grown in Hawaii include ‘Early Texas Cultivar selection also depends on intended use. For
Grano 502’ (top-shaped, matures later than ‘Yellowexample, bulbs with single centers and thick, succulent
Granex’), ‘Grano 429, and ‘Excel’. All of these pro- rings are desirable for the fried-onion-ring market.
duce the “Maui” sweet onion when grown under the
growing conditions of Kula, Maui. A pungent short-day : :
onion cultivar developed by CTAHR’s Department of For-trial cultivars
Horticulture is ‘Awahia’, which is grown in home gar- Onion cultivar trials have been conducted recently in
dens but is not grown commercially in Hawaii. Another several locations in Hawaii including Waianae,
pungent cultivar tested in Hawaii is ‘Red Creole’. Waimanalo, and Kunia on Oahu: Kula on Maui: Pulehu
Short-day cultivars grown in other U.S. locations on Hawaii; and on Molokai. Results from these trials
include ‘Savannah Sweet’ (Granex type), ‘Sunex 1502",are considered preliminary because cultivar recommen-

Figure 1. Generalized calendar for planting short-day bulb onion cultivars in Hawaii.

any short-day only “medium” only “short” any short-day
cultivar short-day cultivars short-day cultivars cultivar

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec

See Table 1 for cultivars in the categories mentioned. Cultivar response to daylength may vary with location and growing practices.



dations can be made only from multi-year experiments.
Based on the research conducted to date, promising cul-
tivars for spring planting in Kula, Maui, included
‘Mercedes’ (round), ‘Mr. Max’ (round), ‘Rio Bravo’
(flat), ‘Monsoon’ (open-pollinated, round, yellow), and
‘Savannah Sweet’. Promising cultivars for fall planting
in Kula included ‘Chula Vista’ (round, yellow, maturing

a little earlier than ‘Linda Vista’), ‘Linda Vista’ (round,
yellow), ‘Evita’ (round), ‘Rio Selecto’, and ‘Sweet Sun-
rise’. Promising cultivars for fall planting in Kunia,
Oahu, included ‘Sweet Dixie’, ‘Rio Bravo’, ‘Rio Zorro’,
and ‘Sunex-1502'.

Bulb onion production areas in Hawaii

The cultivars listed in Table 1 can be grown throughout
the state. With the proper cultivar, direct-seeded and
transplanted onion production can be successful in Ha-
waii year round. Planting of onion sets can also extend
the harvest season into the summer months.
Sweet onions have traditionally been grown in Ha-
waii at Kula, Maui, which has a desirable combination
of climate, soil type, and elevation (>1000 ft). Experi-
enced farmers have developed a market reputation and
an export industry growing the popular “Maui sweet \Jjles:

onion,” which sells for a premium price. The “sweet- This figure is referenced under Nitrogen
ness” of bulb onions grown in other parts of the state

depends on the onion cultivar, soil quality (especially 017 P- 11. It possibly can be a halftone.
sulfur levels), elevation, time of the year grown, and
cultural practices.

Figure 0. A “double” (left) will result in a “split” (right).
These malformations can result from excessive nitrogen
application during vegetative growth or excessive soil
moisture during bulb ripening.



Soils and soil fertility management
fOI’ OI’]IOI’] prOd UCtIOn Hector Valenzuela and Bernie Kratky

Choosing a soil to grow onions (Also, see the section below on land and soil prepara-
tion.)
Onions require a soil that has good drainage. The best

soils for onions are medium-textured sandy loams high
in organic matter. In light, sandy soils (such as are founq(ylanaging soil nutrient levels
in Florida) onions mature earlier and have been observe
to cure and store better than those grown in heavier soil3.he identification and correction of nutrient deficien-
In heavy soils with high clay content, onions may havecies or toxicities are essential for good crop manage-
misshapen bulbs, especially with close plant spacing. ment, which in turn can contribute to higher economic
Soils for onion production should have low salinity. returns. Among the consequences of applying too much
Significant onion growth reduction occurs at soil salin- or the wrong kinds of fertilizer are
ity levels of 1.4 dS/m (=mmho/cm=mS/cm) or greater. e plant toxicity and reduced growth and yield
A soil in which onions are to be planted should pref-e excessive foliage growth resulting in greater incidence

erably be relatively free of weeds. of plant disease and insect pest damage

¢ groundwater contamination

e economic losses due to wasted fertilizer.
Amending the soil

Failing to correct soil problems or to apply enough of
Organic soil amendments such as manure and compogie right types of fertilizer can result in poor yields and
can improve soil structure, moisture-holding capacity,asted effort. Soil and plant tissue analyses are key tools
and fertility. Additions of organic matter can also posi- ysed to prevent, diagnose, and correct crop fertility prob-
tively affect the density and quality of onion bulbs. Poul- |ems. These analyses and recommendations based on
try manure at 1-2 tons/acre either alone or in combinathem for liming and fertilizer applications can be ob-
tion with synthetic fertilizer has been shown to producetgined from the CTAHR Agricultural Diagnostic Ser-

acceptable yields of marketable onions. _ vice Center or commercial laboratories that use data
The recommended soil pH for onions in Hawaii is calibrated for Hawaii's soils and crops.

between 6.0 and 6.8. Soils that are either below this range

(too acidic) or above it (too alkaline) may result in de-

Iayed growth :_ingl poor yie_Id. To raiS(_e the pH qf an aCidSOil analysis

soil, apply a liming material (dolomite or agricultural

lime) according to soil test recommendations. The lim-A basic soil analysis provides information on two im-
ing material must be applied two to three months beforgortant soil characteristics: soil pH, and the levels of
planting and should be thoroughly mixed into the upperavailable nutrients. Other specialized analyses can pro-
6 inches (15 cm) of the soil by cultivation. It has been avide information on the levels of soil salinity, organic
common practice in Hawaii to apply 1 ton/acre of agri- carbon, aluminum, nitrogen, and micronutrients. The soll
cultural lime to an acid soil, but such a general “rule ofsample to be tested should be a composite of five to ten
thumb” is not always practical and may not be economi-subsamples of uniform size taken from each distinct soil
cal. The correct amount varies with the particular soilarea to be cropped. In conventionally tilled fields, sample
type, its pH, and its buffer strength (resistance to changéom the top 8 inches of soil. The subsamples, which
in pH). Have the soil tested and follow the liming rec- may be “cores” collected with a soil sampling auger or
ommendations. For detailed information, see theuniform sized samples taken with a spade, should be
CTAHR publication AS-1Liming acid soils of Hawaii ~ well mixed together in a clean container. After mixing,
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a sample for analysis consisting of at least 1 pint of soi : : -

should be placed in a clean plastic bag, labeled, and seggit:)lﬁ 3;:?;;“23;(3 dir]l?;:fn”tt i%f\;ﬁ;]egtgy anges for bulb
to the laboratory. It is helpful to identify the name of the g P g ges.

soil series, which is available from soil maps, and pro- Crop stage

vide this information with the soil sample. For more in-
formation on soil samplingseeTesting your soil, why
and how to take a soil-test samp@TAHR publication ~ Macronutrients (%)

Y3 to %2 grown ¥ grown to maturity

AS-4. N 20 - 40 45 - 50
P 02 - 05 031 - 0.45

K 1.7 - 45 35 - 50

] ) Ca 06 - 15 15 - 22
Plant tissue analysis Mg 015 - 03 025 — 04
S 02 - 06 05 - 10

Plant tissue analysis is done to monitor the nutrient lev- . .
. . . . L ... Micronutrients (ppm)
els in plant tissues. It is most useful in combination with

soil analysis data and records of past fertilizer applica- "\:Aen 28 - ggg 28 - ggg
tions and crop perfprman(_:e. Pla_nt tissue anglyss mea- g 2 _ 60 o5 _ 75
sures the elements in the “index tissue,” a particular plant ¢y 15 - 35 10 - 20
part determined by experimentation to be the most reli-  zn 25 - 100 15 - 35
able indicator of the plant’s nutrient status. The analysis Mo no data no data

results are compared with sufficiency ranges (standardas) A e o / S
established for the particular crop. The target levels fOfica samping. praparaion anaysis, and neroresion g See references.
particular nutrients are those levels that will result in atﬁi;i?;ri”ﬂgecd“' and Zn can be erratic when fungicides containing these ele-
least 95 percent of the maximum yield of a crop in a '
particular location. The “sufficiency” range for a nutri-
ent is comprised of the values between the deficiencylust, fertilizer, or pesticide. Avoid collecting from plants
and excess levels. The “critical level” for a nutrient is atthat are damaged by insects, mechanically injured, or dis-
the midpoint of its sufficiency range. Below the critical eased, unless these are typical of the crop being sampled.
level, the crop may suffer deficiency of that nutrient. Sampling is not recommended when plants are under
Above the critical level, adequate growth can be ex-moisture or temperature stress. After sampling, take care
pected, as far as that particular nutrient is concernedhat the sample is not contaminated or exposed to heat
When levels of a nutrient are in excess (above the suffibefore analysis. Under hot field conditions, place plant
ciency range), nutrient imbalances can occur, and th§ssue samples in clean plastic bags in an insulated cooler.
plants may become prone to diseases or physiological For onion plant tissue analysis, collect a sample
disorders. consisting of 12 whole tops (green portion only). The
It should be noted that research to calibrate soil fertissue samples may be collected when the crop is be-
tility levels, onion tissue nutrient levels, and crop yieldstween’s and’2 mature or/z mature to crop maturity.
has not been conducted in Hawaii. The data used herfeor best results, be consistent from crop to crop with
were borrowed from work conducted with other cropsthe growth stage sampled.
or with onion in other locations. Some fungicides contain micronutrients such as
copper, zinc, and manganese, and as a consequence, tis-
sue analysis from plants sprayed with these fungicides

Collecting the plant tissue sample will have falsely high values for these elements.

Sampling is often the weakest step in the tissue testing

process. If the samples collected are not representative artilizer applications

of the entire crop, are not from the correct part of the

plant, or are not collected at the right stage of cropNutrients removed in the bulbs of a dry-bulb onion crop

growth, the analysis results can be misleading. yielding 40,000 Ib/acre are (in Ib/acre) 102 N, 17 P, 93
The sample must be large enough to accurately repK, 20 Ca, 11 Mg, 7 Na, 0.01 Zn, 0.3 Mn, 0.8 Fe, 0.02

resent the overall population of plants in the field. LeavedCu, and 0.1 B. The tops, in this case, would remove about

collected must be clean, without contamination by soil, 35 N, 5 P, and 45 K.



Fertilizer applications near the shoot may cause damanalysis. To amend the P status of the soil, P fertilizer
age to onion plants. To avoid fertilizer burn during dry must be thoroughly mixed with the soil in the onion root
periods, irrigation may be necessary to move the nutrizone before planting. Applications of P fertilizer to the
ents into the soil. Onions are shallow feeders—mossoil surface in Hawaii generally will not move into the
onion roots are found in a 6-inch (15-cm) radius fromroot zone without cultivation.
the stem. To reach this compact root system, apply fer- Hawaii soils vary a great deal in their ability to re-
tilizer before planting in a broad band 2.5-3.5 inchestain and release P. Soil clay particles retain P by
below the seeded or transplanted row. adsorbtion(accumulation on their surfaces), and depend-

“Starter” fertilizers may help to improve stand es- ing on the type of clay, the soil may hold on to this
tablishment and promote early yields, even in well fer-adsorbed P very strongly. Some soils can adsorb large
tilized fields. Research has found that an ammoniumamounts of P, and for good crop growth on these soils
phosphate starter solution placed below onion seeds gbu must add more than enough phosphate fertilizer to
sowing resulted in faster seedling growth and earliersatisfy their P-adsorption capacity before any of the P
maturation (1-3 days), although crop yield was not af-applied becomes available to plants. Contact your local
fected. Starter fertilizers may be especially beneficialCooperative Extension Service agent or the CTAHR
when seedlings or young transplants are exposed tAgricultural Diagnostic Service Center for assistance in
stressful growing conditions. determining the recommended P fertilizer application
rate for your soil. For detailed information, read CTAHR
. publication AS-2Predicting phosphorus requirements
Nitrogen (N) of some Hawaii soildn general, when soil analysis in-

To compensate for the long growing season and the pdlicates low P, incorporate 300 Ib/acre of treble super-
tential for nutrients to be lost by leaching due to rainfallPhosphate (0-45-0) or its equivalent in a banded appli-
or irrigation (see the section on irrigation, p. 00), app|ycat|on._The band should b&237> mche_s below and to

N (along with K, if needed) several times during the Poth sides of the row before the onions are planted.
growth period. About 75 percent of the N uptake takesBand_ed ap_pllcatlons limit the exposure of the fertilizer
place after bulbing begins. Deficient amounts of avail-t0 SOil particle surfaces and create a P-rich zone from
able N result in early bulb maturity and reduced bulpWhich the onion plants can take up P without “competi-
size. High N levels, although they increase bulb sizelion” from the soil's adsorption capacity.

may—if excessive—cause large necks, doubles (Figure When the level of available P in soil is below 30
0), increased pungency, and soft bulbs with poor storPPm (Modified Truog extraction method), onions are
age quality. Ilkely to bene_zflt from symbiotic as_somatlons leh myc-

A generalized fertilizer schedule for nitrogen is to 'Thizal fungi such a&lomusspecies. These soil fungi
apply 50 Ib N/acre before planting, side-dress seedling@ttach themselves to onion roots and extend their fila-
with 50 Ib/acre N ats maturity (about the five-leaf Ments (hyphae) into the adjacent soil, thereby improv-
stage), and apply 50 Ib/acreatnaturity, for a total of ~ INg plant growth by absorbing more of the available P
150 Ib/acre per crop. Alternatively, after the pre-plantin the soil. Under “organic farming” conditions, grow-
application, split the remaining fertilizer into equal €S may choose notto apply certain forms of phosphate,
amounts applied at monthly intervals up uittimatu- ~ SUch as superphosphate and treble superphosphate, that
rity (about the seven-leaf stage). Fertigation can also bBave been treated with acid to increase P solubility. P
used to apply soluble N fertilizers. Be sure to observeSOUrces suited to these farming systems, such as rock
regulations for fertigation, such as the requirement foPhosphate, release P very slowly and only under acidic
back-flow preventers. Late-season N applications caffonditions, and hence the P they contain does not readily
be in the form of calcium nitrate, especially when p|an»[become available to plants in sufficient quantity. Under

tissue analysis indicates a need for additional calciumSuch conditions, and especially when soil P levels are
low, association with mycorrhizal fungi may become

significant in affecting crop growth and yield.

Phosphorus (P)

Phosphorus availability is especially important during Potassium (K)
the first half of the crop growth cycle, and P is usually _ _ - _
applied before planting if the need is indicated by sojlOnions are fairly susceptible to K deficiency. For soils
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low in K, apply muriate of potash (0-0-61) at 300-350 geted to limit applications of the element to 45 Ib/acre
Ib/acre (11-13 0z/100 sq ft). Apply half of this amount up to bulbing, and S should not be applied after bulbing
at planting and the remainder four to six weeks latetbegins. Examples of sulfur-containing materials include
along with a scheduled side-dressed N application. ammonium sulfate (24% S), potassium sulfate (18% S),
magnesium sulfate (22—24% S), potassium-magnesium
. sulfate (22% S), normal superphosphate (12% S), and
Calcium (Ca) gypsum (16—18% S). In Central America, sweet onions

Calcium improves the tissue integrity of the onion bulbsfor export are not grown on soils that have sulfur levels
and increases their postharvest shelf life. Commonlyabove 18 ppm. _ _

used calcium sources include calcium carbonate, dolo- "€ compound responsible for onion’s flavor and
mitic limestone, gypsum, and calcium nitrate. CalciumPungency is the sulfur-containing allyl propyl disulfide.
carbonate and dolomitic limestone are liming materialsT e pungency of onions appears to be correlated with

that should be incorporated into the soil before plantdry matter (DM) concentration. The major carbohydrates
ing. Sufficient moisture and time should be provided that contribute to “sweetness” in onions include sucrose,

for their activity. Gypsum (calcium sulfate) is a Ca source{Tuctose, and glucose. In low-DM cultivars (below 8

that can be used where a liming effect is not desirable—Percent DM) these sugars result in a “sweet” taste per-
such as when the soil pH is high but the soil calciumception. As DM conten'g increases to abOL_Jt 16 percent,
level is low. Gypsum typically contains about 18% suyl- fructans accumulate. Since fructans provide more of a
fur, and this added S might increase the crop’s pungenc)‘;_starchy” taste, comparable to that of potatoes, the higher

Calcium nitrate is a fast acting source of Ca (21%) and®M content leads to a less “sweet” tasting onion. Thus
N (15%). it is the proportion of the various sugars occurting in

different onion cultivars that determines the “sweetness,”
) rather than the total sugar content as measured by a re-
Magnesium (I\/Ig) fractometer. For this reason, the term “sweet” is really a

Dolomitic limestone (dolomite) and magnesium Sulfatemisnomer—“mild” 's the correct description for onions
9 with low pungency.

(epsom salt) are two commonly used sources of magne- Higher growing temperatures increase pungency.

S|u_|rrl13. L]?olomlltlct!|m(atstone r_gaylv?e |ncdorp8rated |n|to t.r:je_Twice as much pungency may be expected when the
SOl betore planting o provide Vig and reduce soll acl temperature at bulbing is 99than when it is 5. This

gy' Mag?_nzsgjr? sulfa}te t(_epsor_r:j Sglt' 11:116%]: Mtg) c;agincrease may be due to increased sulfur uptake caused
e applied before planting, sidedressed or fertigated, i1 tomperature.

: . o0 |
l\i/loigg?f/:/wirc]:hsﬂiatﬁt ?r?(r:]rtsélnsse 2bzult?4 ﬁ)nsil::g’ t:::aagg'_ Pungency also increases under dry growth condi-
9 pungency. 9N€ions. Adequate soil moisture can contribute to lower

il(;JTt]) /Zléf:tri;ar?easlii?nb:uﬁ‘ggl?r(lj fgoa z:féssg;%aﬁlrngry matter content, diluting concentrations of flavor pre-
9 9 " cursors and resulting in a milder onion.

High nitrogen application levels may result in higher
Sulfur (S) and pungency pungency, although sulfur is the most significant con-
tributing factor in pungency. The onion variety used and

Sulfur is an essential element required by onions tahe crop maturity at harvest also affect pungency, but to
achieve optimum development. On soils low in S, itsa |esser degree than sulfur.

application can increase yields, as illustrated by research
in Texas where S applied at 6 Ib/acre increased onion )
yield by 10 percent over the yield at 2 Ib/acre S. On theVlicronutrients

other hand, high levels of S can contribute to increaseq, ¢ \yth very low micronutrient levels, annual ap-
pungency in onlons,_whlch may b? undesirable if the lications of (Ib/acre) 5 Mn, 3 Zn, 4 Fe, 3Cu,and 1 B
intent is to produce mild-flavored onions. Because man)gre recommended. When Zn deficiencies are observed

fertilizers contain S, a fertilizer application program can : : ~ i
contribute to soil S buildup. To minimize this on soils spray plants with 1 [b/acre Zn in 50-100 gallons of wa

where S may contribute to undesired pungency, S an&er'
sulfate (SQ) in fertilizer formulations should be bud-



Nutrient deficiency and toxicity
symptoms

Iron (Fe)—similar to calcium except no root injury is
evident

Onion growers can minimize the occurrence of nutrientZinc (Zn)—onions are sensitive to zinc deficiency
deficiencies and toxicities by following fertilizer rec- e tips of leaves die back

ommendations based on soil and plant tissue analyses slow growth and stunting

and by keeping careful records of annual fertilizer in-e corkscrewing of leaves, or an outward bending of

puts.

Deficiency symptoms

Nitrogen (N)

¢ leaves light green

¢ older leaves die, showing bleached yellow color
¢ |eaves are short and small in diameter

o growth stiff and upright

Phosphorus (P)

¢ older leaves wilt

tips die back

green areas are mottled

dead leaves turn black

slow growth, delayed maturity, “thick necks”

Potassium (K)

¢ older leaves first show slight yellowing

¢ leaves then wilt and die, appearing crinkled like
crepe paper

¢ dying and drying begin at tips of older leaves

¢ poor bulb formation

¢ lower yields, soft bulbs with thin skins, delayed
maturity

Calcium (Ca)

¢ tips of younger leaves die back

¢ may show dry or brown tissue in bulb
¢ leaves appear limp

¢ root injury may be evident

Magnesium (Mg)

¢ older leaves die back from the tips
o foliage dies prematurely

e growth is slow

Sulfur (S)
o fewer leaves produced
¢ new leaves are uniformly yellowed

leaves
¢ deficiencies observed especially at soil pH above 6.5

Copper (Cu)

¢ bulbs lack solidity

¢ bulb scales are thin and pale colored

¢ |eaves are chlorotic

¢ deficiencies occur especially in organic soils

Manganese (Mn)

¢ leaf curling

¢ slow growth, delayed bulbing, thick necks, stunted
growth, poor production

¢ deficiencies occur in strongly alkaline soils

Boron (B)

¢ leaves are deep blue green

¢ youngest leaves become mottled yellow and green
with distorted, shrunken areas

¢ basal leaves become very stiff and brittle, ladderlike
cracks appear on upper sides

Molybdenum (Mo)—deficiency is rare

¢ leaves light green, similar to nitrogen deficiency
¢ wilting and dying of leaf tips

o dieback of older leaves

¢ bleached yellow color

Toxicity symptoms

Salinity

¢ dull leaf color and tipburn due to water stress

¢ elevated tissue analysis levels of sodium (Na) and
chlorine (CI)

Chlorine (CI)
e chlorosis
¢ tip burn

e stunting

13
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Culture and management practices

Hector Valenzuela and Bernie Kratky

In Hawaii, sweet onions are commonly grown in bare-  Research with sweet onions in Florida has shown
soil culture with irrigation by drip lines or portable sprin- yield benefits with the use of both white plastic mulch
klers. Growing onions under plastic or organic mulch during warm growing conditions and black plastic dur-
with drip irrigation may result in improved weed con- ing spring plantings. Rice-straw mulch is used in many
trol and efficiency in the use of fertilizer and water. Asian countries. In Michigan, residues of cover crops
Onions may also be grown under solid-covered greensuch as barley are used as mulch. Organic mulches main-
houses in high-rainfall areas. tain cool temperatures in the beds, help to conserve
moisture, prevent erosion, and provide some weed con-
trol. However, if the organic mulch retains excessive
Land and bed preparation moisture, the onions may rot at harvest time. Cover crops
or green manure crops grown in rotation with onions
Thorough and timely soil preparation is necessary tqnay provide benefits to an onion production program
obtain good crop stands and effective weed controlincjuding improved field drainage and soil tilth, weed
Rotary-mow and disc crop residues from the previousontrol, reduced nematode and soil-borne pathogen
planting as soon as possible. At least four weeks beforggpuylations, and cycling of soil nutrients from lower in
planting, plow to a depth of at least 10 inches, buryingihe soil profile. In New York state, several growers have
undecomposed residues. Apply pre-plant fertilizers anchdopted the practice of planting 20 percent of their on-
soil amendments and incorporate them with a harrow ofpn, fields in a Sudan grass rotation, resulting in increased
rotovator. Frequent light disking may be necessary fokjie|ds and 15-30 percent increased return from the sub-

weed control before planting. sequent onion plantings.
Onions may be direct-seeded or transplanted. If on-

ions are to be direct-seeded, work the soil to a fine tex-

ture to ensure good seed germination. In production arPIanting

eas that rely primarily on herbicides for weed control,

onions are planted in beds with four to eight narrowly In Hawaii, most short-day onion cultivars can be planted
spaced rows per bed. Raised beds 6—8 inches high witluring the months of October through March. The so-
help to improve water drainage in poorly drained soilscalled “medium”-short-day cultivars can be planted dur-
or during rainy periods, such as the winter months. Tang April through June. The so-called “short"-short-day
follow a “stale-bed” technique (see the section belowcultivars can be planted during July through September.
on weed management, p. 00), prepare beds at least sBee Table 1 for names of cultivars and Figure 1 for a
weeks before planting. Bed width and final plant spac-suggested planting schedule for the different daylength-
ing vary depending on the desired bulb size, cultivarsensitivity groups under Hawaii’s conditions.

used, time of year (winter vs. summer plantings), and  For production of sets, seeds are generally sown
equipment available for bed or row preparation, culti-during April through June, and sets are harvested about
vation, and spraying the crop. Bedding disks and a pres&—8 weeks later for planting during the rest of the sum-
can be used to prepare raised, compacted, flat-toppeder and early fall. Shallots and rakkyo from sprouting
beds. A firm bed resulting from rainfall or irrigation is bulbs are planted from November to February. Single
especially important to establish a uniform seeding depttbulbs will divide into several tillers that bulb in June—
when direct-seeding. If direct-seeding, apply a preemerduly followed by dieback of the tops in August—
gence herbicide immediately after planting, and irrigateSeptember.

by overhead sprinkler to obtain adequate weed control.
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. ___________________________________________________________________|]
Table 4. Plant spacing for onions in Hawaii.

Onion seed germination occurs at temperatures between
50° and 95F, but the optimum is 75. After direct-seed-

Direct-seeding

Spacing (inches) between

ing bulb onions, timely irrigation and adequate weed©"on type Rows Plants
control are required. Direct-seeding may be preferableulb onion in field rows 15 - 24 3 - 6
to transplanting for bulb onions in large-scale operationgU!P onion in beds , 8 - 12 6 -9
hen plant populations are greater than 120,000 plantg]o"-mu/tiPlying green onion 12— 20 oo
w p Pop 9 ! P %/Iultiplying green onion 12 - 20 8 — 10
acre (250,000 plants/hectare). Shallots 12 - 16 8 - 12

Precision seeding, applicable for direct-seeded dryFuto-Negi 15 - 30 3 -4

onion production, results in increased size UNIfOrmMity source: Fukuda 1990,

and fewer culls. Seed pelleted with a fungicide-impreg-

nated coating is available for use with precision plant-

ers. Coated seed is recommended if using Stan Hay,

Beck, or Graymore planters, but not if using vacuumyanteq into 4-row beds with rows 9 inches apart and
planters. Research in England found that priming onionithin-row spacing of 6 inches.

seeds may be beneficial to enhance stand establishment ~ion seeds are planted at a deptiie®: inch,

and seedling growth, especially if seedlings experienceit, the shallower depths for heavier soils. Sets are
stressful growing conditions, although yields were nOthanted 1-% inches deep. Shallower planting may re-

affected by seed priming. Seed priming is & physiologi-g t in flatter bulbs, while deeper planting may result in

cally based treatment to enhance germination. Primegh o 1on-shaped bulbs. Adequate moisture must be pro-
seeds can be purchased from various commercigliged when planting deeper thrinch deep to develop

sources. Primed seed should be planted during the segaeper hulbs, because uneven watering during bulbing
son for which it was primed. Otherwise, the seed shoquNi“ result in misshapen bulbs.

be retested before planting to assess its germination rate.

Onion seed is short-lived, retaining viability for only
two years or less. Seed count for onions is about 9500 ransplants
seeds per ounce. The amount of seed required for a crqsp _ . _
of bulb onions is 1 Ib/acre for transplanting or, for direct weet onions are generglly grown in field nurseries, gnd
seeding, 4-5 Ib/acre (1/3 oz per 100 ft of row) of seed of~ 0 2-mon_th-o|_d seedlings are then transplanted Into
20-30 Ib/acre of coated seed. For direct-seeded greetnet‘ production fields. _The advar_wtag_es of transplanting
onions, about 12—-18 Ib/acre of seed is required (3—4 o2"ions compared to _dlrect-seec_jlng include L
per 100 ft of row). e 6-10 weeks less time spent in the production field

Bulb onions are commonly planted at a density of® better plant stands_ _
two to three plants per square foot. Typical plant spac® transplanted seedlmg_s compete better against weeds
ing for onions in Hawaii is given in Table 4. In other * less Wate_r_used for wng_anon _
onion producing areas, bulb onions are grown on raised less pesticide used during the shorter growing
beds. One such system uses raised beds 4—-8-inches hig eas?n o _ .
and 16 inches wide, with beds spaced at 36 inches from '€SS gand-ble_lstlng of _sgedlmgs in areas that
center to center. Two rows of onions, spaced about 6 expenenge windy cor_wdltlons .
inches apart, are planted on each bed, with 4-6 inche's less erosion and nutrient leaching.
between plants in the rows, resulting in planting density

of 65,000 to 100,000 plants/acre. In Texas, standard Spaéowever, trans_plar_lting operation_s may bgcome expen-
ing is 2—4 inches between plants in the row, with fromSive due to their high labor requirement in large-scale

two to four rows on beds 38—40 inches wide, or Withoperations or when plant populatic_)ns are _greater than
five to seven rows on raised beds 80 inches wide. Irilz_o'000 plants/acre. Also, a se_:edllng facility and sup-
Oregon, dry onions are planted with 3—4 inches betweeR!I€S are needed to grow seedlings.

plants in the row and 15-24 inches between rows, re- Nurse_ry seedbeds to grow t_ransplants should have
sulting in a planting density of 120,000 to 140,000 pergOOd drainage and excellent soil texture and be free of
acre. In greenhouse trials at CTAHR'’s research statioPOtS OF clods. An acre of nursery onions is needed to

in Volcano. Hawaii. Granex onions have been trans-stablish 10 acres of bulb onions. To establish seedlings



in a field nursery for 1 acre of bulb onions, sow 2 Ib of are dropped 3—4 inches apart in the row. Up to 25 acres
seed in a 4500 square foot seedbed (a per-acre rate of onions can be planted from sets grown in 1 acre of
20-30 Ib). Seeds may be broadcast, but they usually arursery. Onions grown from sets mature about 2 months
planted in rows 6—8 inches apart dad/s inch deep at  earlier than when direct-seeded and about 2 weeks ear-
a rate of 60—70 seeds per linear foot. Four to six rowdier than when grown from seedling transplants.
can be established in 72-inch beds. Adequate stands can
be obtained using Planet Jr. planters or similar imple-
ments. Weekly fungicide treatments may be necessarjtrigation
under conditions conducive to disease development.
Apply fertilizer at 2, 4, and 6 weeks after sowing. De- Onions require 1-2 inches of water per week, a total of
pending on the time of the year, seedlings will be ready29—30 inches per crop for direct-seeded crops. More
for transp|anting 4-10 weeks after Sowing, when Seedwater is reqUired during hot and Wlndy Conditions, and
lings necks are pencil sizB«%s inch diameter), are 7— less water is required during cool, overcast weather.
12 inches tall, and have three to five leaves. Reduce thBecause onion is a shallow-rooted crop, with most roots
water supply about 710 days before transplanting tdound in the top 12 inches of soil, it is sensitive to small
harden the seedlings. After pulling the seedlings, clipthanges in the water supply. Critical periods for irriga-
the roots to 1 inch and the tops to about 4 inches immelion are during stand establishment and the period of
diately before transplanting. Onions can be hand-transbulb development through maturity. Soluble salt levels
planted, but mechanical transplanters are also availabl@ the irrigation water should not exceed 1200 ppm.
for large-scale operations. In some areas, growers culti- An evaporation pan can be used as a guide to irriga-
vate shallowly after transplanting to throw soil over thetion amounts and frequency. Irrigation rates for onion
plants. Irrigate immediately after transplanting. should closely follow evaporation pan losses. This was
Growing seedlings in 200-cell plastic trays is the recently confirmed for bulb onion production in
preferred method in CTAHR research trials, because i TAHR’s experiment station and on-farm research tri-
results in minimal transplant shock. Research in Michi-&ls conducted by Dr. I-Pai Wu and Robin Shimabuku in
gan with these trays showed that optimal Spanish oniokula, Maui. At 3000 ft elevation, their work showed
yields were obtained by growing two seedlings per celithat evapotranspiration (ET) for a 133-day onion crop
for 8-12 weeks and providing the seedlings with agrown from December to April (after transplanting) was

Weekly nutrient solution Containing 150-225 ppm N’ 17 inCheS, with a da”y average ET of 0.127 inches (09
322 ppm P, and 62 ppm K. inch per week). A similar crop at about 1200 ft eleva-

tion had a total ET of 36 inches and a daily average ET

of 0.2 inches (1.8 inches per week). Under warmer grow-
Sets ing conditions at 3000 ft elevation, a 99-day onion crop
grown from July to October resulted in an ET of 13.91

o .
Bulb s_ets, small bulbs ab_om—/4_|nch n c_hameter, are inches, with an average daily ET of 0.141 inches (1 inch
sometimes used for planting onions during the late sum-

mer through fall (August through October). The so-calledloer \_/veek). T'he irrigation studies also showed yield re-
“short’-short-day varieties can be grown by sets (se ductions equivalent to 1400 Ib/acre for each inch of water

Table 1). Sets are grown in field nurseries by seedineoelow the optimal irrigation rate. In addition, yle_ld re
. . ) uctions of 800 Ib/acre were recorded for each inch of
thickly (2—3 oz seed per square yard) in rows 5 inches L L
. e . water applied in excess of the recommended irrigation
apart or by growing under conditions that favor rapid

bulbing. About 400-500 Ib/acre of séts¥: inch in di- rates. Over-watering also resulted in significant leach-
ing of nitrate-nitrogen below the root zone.

ameter is required. Generally, seeds for the production Uniform soil moisture is required before and after

of sets is sown in April through May to help ensure thatsowing and during the early seedling growth stages.

the young seedlings will be exposed to the longest day dequate moisture also is necessary to ensure effective-

possible during their two-to-three-leaf stage. About 6— - :
. ness of preemergence herbicides. Adequate moisture
weeks after sowing, the small bulbs are harvested, cured, ~. . . -
S ) . available to the crop results in good yields and mini-
and maintained in a shaded, well ventilated area. Hold- . . .
) . A mizes stress. Onion seedlings are more tolerant of
ing sets larger than 1 inch in diameter at temperatures

between 35and 48F will induce bolting. To plant sets overwatering than of water deficit. Although raised beds

in the field, furrows 2 inches deep are prepared, and seffdy Improve dralqage during rainy w.eather, a Iac'k of
moisture in the raised-bed system will result in yield
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losses. In California, for instance, an onion crop that\\/ind protection
received 18 inches of water in 6-inch raised beds re-
sulted in bulbs half the size of those grown under flatOnions are especially sensitive to strong wind during
culture. the initial 6-8 weeks of growth before reaching a height
Moisture stress during critical growing periods re- of 4-5 inches. Later in the season, as foliage grows, the
sults in new growth when water availability resumes and ©hion plants provide some wind protection to each other.
consequently, in a greater incidence of splits and doubled 0 Provide adequate protection, windbreaks need to be
Under moisture stress, foliage growth slows and a graystablished by the time onions are to be planted. Corn,
to blue-green leaf color results from increased amount§orghum, and rye are suitable as temporary windbreaks
of wax bloom on their surface. On the other hand, overthat can be disked over after the onion seedlings are 6
irrigation results in yellowish-green leaves, reducedinches or higher. Sugarcane or wild cane are suitable as
yield, and bulbs with a poor shelf life. Overirrigation, Permanent windbreaks.
especially during cool weather, can also result in a greater
incidence of pink root rot, which in turn predisposes the
bulbs to fusarium bulb rots during the postharvest stages.
Pythium root rot can also occur year-round when there
is excessive moisture in the field. Excessive irrigation
will also result in fertilizer leaching, particularly nitro-
gen. To minimize overwatering, maintain adequate soil
moisture in the zone from 1 inch to 6-8 inches below
the soil surface; water that percolates soil levels deeper
than 6-8 inches is lost to the onion crop. In CTAHR
greenhouse trials with drip irrigation, yields increased
with increasing irrigation levels up to 5.5 gallons (20
liters) per plant per growing season, but they decreased
when more than 8 gallons (30 liters) per plant per sea-
son was applied.
The type of irrigation used will have an effect on
insects, diseases, weeds, and other aspects of the pro-
duction program. For example, overhead irrigation was
shown to result in a greater incidence of sour skin of
onion, caused biyseudomonas cepag¢izompared with
furrow irrigation.
A dry bed surface is required during the ripening,
harvest, and in-field curing stages for onion. Therefore,
irrigation is reduced as the bulbs start to mature and is
stopped altogether about a month before harvest, as the
bulbs begin to ripen (see Figure 2, the onion crop cycle,
p. 00). The specific time to stop irrigation will vary de-
pending on the current crop vigor, location, time of year,
and cultivar used, but it generally occurs around the
period when the tops start to fall. Excessive soil mois-
ture during ripening can lead to regeneration of adven-
titious root growth from the stem, increased plant dis-
ease, and incidence of splits and doubles.



Integrated pest management
for field onion production

What is integrated pest The IPM approach advocates the continued use of such
management? managemen_t strategies, along with scoutlng_t_o forecast
pest populations and the prudent use of pesticides when
necessary. “Prudent” implies that chemical pesticides
are used only to avoid significant economic damage to
The IPM approach the crop, angused ina n?anner that minimizes ungesir-
d:able consequences to humans, beneficial organisms, and

Integrated pest management (IPM) is a multifacete '
crop environment.

systems approach to reducing pest damage to crops bastif
on the prediction of pest outbreaks and use of a holistic
approach to maintain plant health. Its goal is to manage
pest p_opu_lation_s for optimum crop yield_and quality a”dConsiderations for implementing an
to maintain environmental quality. IPM is thus an over-

all strategy to use tactics that gmactical, effective, IPM program

safe for humans and the environment, and cost-effec- o

tive. These tactics include growing plants that are geKnow the enemy and predict its occurrence

netically resistant to pests, releasing natural enemies @ecome aware of potentially injurious organisms and
pest organisms, and modifying crop environments antjetermine their status as pests in your crop. Identify the
cultural practices in ways that favor the crop while cre-iey pests and establish an economic threshold for each
ating an unfavorable habitat for the pest. IPM promotegne. A key to IPM programs is to predict pest occur-
the use of nonchemical control practices to decrease reance and implement tactics to keep the pest population
liance on and use of chemical pesticides. density below the level where cost of control exceeds
The overuse and misuse of pesticides has led to neggne cost of damage. In today’s social environment, eco-
tive consequences in terms of human health, environgpgical and environmental considerations are as impor-
mental contamination, and the development of resistancgynt as economic ones.
in targeted pests. Since the days when the use of pesti- \onitor climatic conditions and pest populations.
cides was a panacea to control major pests, approachegst populations are dynamic, as are weather conditions,
have changed. Now, farmers realize that there are begyop growth, and populations of natural enemies. De-
ter, environmentally compatible ways to manage pestsyjse a scouting schedule and design data sheets to record
and consumers are also demanding more pesticide-fregata. Include counts of onion thrips. Make random in-
approaches. spections of plants and roots for pests such as aphids,
IPM employs strategies and principles that have beemyaggots, and caterpillars. Record the data for each pest
part of agriculture throughout history. Before the devel-and peneficial organism to determine whether a popula-
opment of synthetic pesticides, pests were managed ifign is building or declining.
various ways, including Growers can be alerted to the presence of pests even
« applications of mineral oils, soaps, and plant extractss they are not seen, because many pests produce dam-
* use of natural predators, barriers, traps, and trap cropgge symptoms or other evidence of their presence, such
« modification of irrigation, crop rotation, and other a5 cast skins and droppings. Know the activity patterns

cultural practices affecting crop environments  of pests and when to look for them. Some pests may be
* utilizing strict sanitation and quarantine (isolation) more active in the cooler times of the day, while others
practices. may be more easily spotted when it is warm.
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For plant diseases, inspect plants weekly for anyA field layout that provides good airflow can thus re-
signs of rotted shoots or young leaves, yellowed or spotduce the incidence of diseases.
ted leaves, or browning of roots. Monitor the tempera-
ture, humidity, and leaf wetness, and be alert for the ConBioIogicaI control practices
ditions that favor specific plant disease pathogens. For
example Botrytisis favored by cool, damp conditions “Beneficials” such as parasitic wasps, predators, and dis-
with at least six hours of leaf wetness. Bacterial dis-eases can help to control pest organisms. These allies
eases such &winiaandPseudomonaare more preva- may occur naturally, or they may be introduced. The
lent during warm weather with high relative humidity. use of biocontrols that do not occur naturally requires
When the “warning” conditions exist, increase moni- precise timing of applications. At the present time there
toring frequency, be on the look-out for early symptomsare no commercial biological control organisms avail-
of the specific disease, and, if possible, adjust culturahble in Hawaii because of the strict quarantine regula-
practices to reduce the disease potential. Early identifitions in place to protect our unique, isolated environ-
cation of disease problems will allow you to prevent ment from introductions of harmful organisms.
pathogen movement through the field. Make notes of  New beneficials such as fungi, bacteria, and nema-
suspicious symptoms and increase monitoring of theéodes are being developed as commercial products to
plants in the area. Use the monitoring data, the actiowontrol whiteflies, thrips, and other insects. Because of
thresholds set, and your experience to decide if a conHlawaii’s insular nature, new biocontrol products face
trol measure should be taken. rigorous testing before being permitted entry to the state;

Devise schemes for reducing populations of keyhowever, a number of formulations Bécillus thurin-
pests to below economic threshold levels. Various mangiensis(Bt) are available in Hawaii.
agement approaches, used singly or in combination, can The indiscriminate use of pesticides often results in
produce this reduction. These approaches include cukhe depletion of beneficial populations. Sometimes grow-
tural, biological, and chemical control practices, as de-ers can promote the activity of beneficial populations
scribed in the following sections. on their farms by using pesticides that are pest-specific

instead of broad-spectrum.

Cultural control practices

Agricultural practices can modify the field environment Chemical control practices

to make conditions less favorable for a pest organismChemical control is a component of IPM. When cul-
These practices are often preventive measures, put intoral and biological controls do not bring about the de-
effect before the pest or pathogen is present. Some exsired results, pesticides may be required. The choice of
amples include crop rotations, field sanitation, and soilpesticide, application rate, method of application, and
solarization. frequency of application must be carefully coordinated

Cultural controls include interventions that destroy to minimize hazards to workers, the crop, non-target
or impair the pest’s breeding, feeding, or shelter habitatprganisms, and the environment. Select pesticides that
such as field sanitation and weed control. Choosingare the most effective while being the least toxic. To
among alternative ways of doing things can have sigminimize the possibility of resistance developing in the
nificant effects on pests; for example, modifying the ir- target pest or pathogen, rotate pesticides from different
rigation set-up to keep the crop’s leaves dry can makehemical classes. Check with your CTAHR Coopera-
the crop’s micro-environment less conducive to planttive Extension Service agent or agrichemical supply
disease build-up. Or, when applying pesticides, somelealer for information about newly registered pesticides
cultural practices can alter the environment to increas¢hat have a minimal impact on beneficial organisms and
the effectiveness of the pesticide. the environment.

The purpose of cultural controls in an IPM program To maximize efficacy of treatment, apply pesticides
is to maintain an environment that is not conducive toduring the stage of its life cycle when the target pest is
disease build-up. Moisture favors epidemics by enhancmost vulnerable. Conversely, applications are not rec-
ing the growth, spread, and infectivity of many patho-ommended when the target pest may be relatively im-
gens. Moisture must be controlled to reduce and premune to treatment or cannot be reached due to its physi-
vent diseases caused by bacterial and fungal pathogersal location.



The goal of an IPM program is to maintain pest |nsect Pests

populations below an economically damaging level to

produce a product that your customer will accept.

This guide provides information that was current at

Randall T. Hamasaki

the time of printing. Growers should contact the nearest his section provides basic information on the identifi-
CTAHR Cooperative Extension Service (CES) office to ¢ation, biology, and management of important insect
inquire about the most current pest management reconi€sts of onions in Hawaii.

mendations. Current information about pesticides reg-  Successful management of insect pests of onion in
istered for onion can be obtained from CES or the HaHawaii requires sound decision-making based on a thor-

waii Department of Agriculture, Pesticides Branch.

ough understanding of

¢ onion crop production techniques

¢ insect biology and pest interactions

e current pest management recommendations

¢ the ability to recognize both the pest and the benefi-
cial organisms that may help to control it

¢ the use of IPM techniques including monitoring, ap-
plication of effective insecticides with proper appli-
cation techniques, record-keeping, and sound crop
production practices.

Monitoring insects in the onion crop

Monitoring includes detecting, identifying, and sampling
pest populations, preferably on a weekly basis. You must
know the insect “enemy”—proper identification of pest
insects and mites is the most important part of an effec-
tive pest management program. You should also be able
to recognize allies—beneficial insects and mites that are
natural enemies of plant pests and can often provide sig-
nificant control, such as the tiny wasps that parasitize
agromyzid leafminers.

Sound pesticide application techniquesOnion
pests such as thrips are difficult to reach with insecti-
cide sprays. Thorough pesticide coverage for control of
these pests is recommended. To obtain optimal spray
coverage, the spray equipment should be maintained in
good working order and calibrated to deliver a known
amount to a given area. Choice of spray adjuvants is
important for coverage and treatment effectiveness. A
field evaluation of spray adjuvants conducted on cab-
bage in Hawaii showed that Silwet L¢7{Love-land
Industries, Inc.) provided the best performance, while
Sylgard® (Wilbur-Ellis Company) also provided good
coverage. Other adjuvants performing fairly well in-
cluded Excel 99 (Monterey Chemical Company), Ac-
tivator 9¢° (Loveland Industries, Inc.), and R€l1
Spreader Activator (Wilbur-Ellis Company).

Record-keeping.Record-keeping is a necessary part
of farm life. Maintain accurate records on field loca-
tion, soil and plant tissue analysis results, planting dates,
fertilizer and pesticide applications, pest occurrences and
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their patterns, yield data, and other relevant productiomal enemies of leafminers, which are killed by broad-
notes. A record of pest damage over a number of yearspectrum insecticides. The beet armyworm is an occa-
may reveal trends that help you to prepare for similarsional crop pest that growers should be able to identify
problems in the future. and manage if the need arises. Other minor pests of on-
Sound production practices.The various practices ion in Hawaii are the Asiatic onion leafminer, onion
described in this manual provide the basis for a balancedphid, western flower thrips, and seedcorn maggot.
stable, and productive cropping system. For example,
appropriately matching onion varieties with local con-
ditions and the growing season can help ensure opt
mum onion growth. You should be aware of conditions _
such as temperature, rainfall, and soil organic mattefPnion thrips  Thrips tabaci (Lindeman), Thysanoptera
content that may favor or deter the development of parsjgnificance.Onion thrips is the major pest of bulb on-
ticular pests. Fertilizer and irrigation practices shouldigp, jn Hawaii and is present throughout the year. Large
be calculated so that plants are kept healthy and cagopylations of thrips often develop despite the presence
quickly recover from pest damage. Both deficiency andof natural enemies, and significant damage often occurs

excess in applying fertilizer or irrigation can promote i effective pesticides are not applied. Heavy onion thrips

the development of certain pests and should be avoideghfestations can kill young seedlings, reduce bulb qual-
Pest problems can often be minimized by managing the

planting location and timing, and by crop rotation. You
should know which crops and weeds are “alternate hosts
that can harbor onion pests. Onion transplants and see
lings should be carefully produced to provide the crop
with a healthy start. Good field sanitation practices are
often critical in minimizing pest problems.

Insecticide resistanceA major concern for grow-
ers and pest management specialists is that insecticid
may become ineffective because the pests develop r
sistance. Insecticides can become ineffective when pe
populations exposed to the same insecticide treatme
over several generations evolve with time to becoméd
comprised largely or entirely of resistant individuals. To
prevent the development of insecticide resistance, u
alternative nonchemical pest management strategie
rotate insecticides that have different modes of action
and apply insecticides based on the “action threshold
rather than the calendar or some arbitrary time interval

Thrips, the major insect pest of onion

Figure ?. Inspect-
ing the leaf axils
for onion thrips.
The action thresh-
old is 10 thrips per
plant.

Insect pests of onion in Hawaii

Insect pests of onion in Hawaii include thrips, leafminers,
caterpillars, maggots, and aphids. Onion thrips is the
major insect pest of commercially grown bulb onions in
Hawaii. Insecticide applications targeting onion thrips
will also affect populations of other insects not targeted
For example, secondary pests like agromyzid leafminer:
occasionally become major pests when their population:
build to high levels, often as a result of natural enemies
being eliminated by intensive insecticide use. Therefore
growers need to balance insecticide applications use :
for control of onion thrips with the conservation of natu- rigure 1. onion thrips damage to onion.



ity and yield, and increase the incidence of foliar an _ " - _
Table 5. Evaluation of insecticides for control of onion

bulb diseases. . . L. . thrips in dry onions; average number of thrips found per
Damage.Onion thrips have piercing-sucking mouth pjant six days after treatment, Kula, Maui, 1996.

parts that are used to pierce and feed on individual plant

cells. Thrips prefer to feed on the young, tender, innerfreatment Rate (a.i.) Number of thrips®
leaves. Their feeding causes the leaves to develop a chaarrior 11 1 EC 0.02 Ib 7.03 d
acteristic longitudinal whitish or silvery streaking or Malathion 5 EC 2.5 pt 2230 c
blotching (Figure 1). Black fecal specks may also belannate LV 3.0 pt 46.90 ab

. . . Diazinon AG500 1.0 pt 51.38 ab
seen when thrips are present. Severe infestation Causg$; eated control 0 5708 a

leaves to develop brown tips, or the entire leaf may dry

. “Averages in each column followed by a different letter are significantly different
prematurely. Leaves may also become twisted and ben@ukey's studentized range test, P<0.001, SAS for Windows ver. 6.11); data
over (|0dge) were transformed by square root (X + 0.5) before analysis; untransformed means

are given.

Biology. The onion thrips is believed to have origi-
nated in the Mediterranean region and has become dis-
tributed throughout most of the world. This pest was

first found in Hawaii in 1915 and is now present on all hich is whitish to vellowish. The first-instar | it
the islands. Onion thrips life stages include the egg,firsw ICN 1S WhILISh to yellowish. Ihe first-instar farva motts

larva, second larva, prepupa, pupa, and adult (Figure Z?r.wto tlrletseco?d-lgstar Ilar\ﬁf Wh'ChL'S Iarlg(;ar. BIC)th of tr;e_:
It is important to remember that only adults have fully arval stages feed on pant tissue. Larval development 1S

developed wings, which enable them to fly, and alsocompleted in about 9 days. .
Pupal stagesThere are two nonfeeding stages, the

that pupation takes place in the soil, where the insects .
are less likely to be contacted by insecticides. prepupa and pupa. Mature second-instar larvae burrow

The time from egg to adult is about 19 days Largeimo the soil to molt into these nonfeeding, resting stages.

thrips populations are able to develop quickly under-ljhe combined prepupal and pupal developmental pe-

Hawaii’'s weather conditions, and many overlappingr'Odf |sdgenetrally ;?Tplete% Iln 4;h? da_;l/s. 'fl'he twok
generations occur throughout the year. Reproduction offonieeding stages that occur below the Sofl surtace make

onion thrips in Hawaii is mostly through a process caIIed't difficult to control th_is pest, b_e_cause the individuals
parthenogenesis, in which females are able to reproduc%re protected from follar_ insecticide applications.
Adults. The adult thrips emerges from the pupa and

ithout ting. A It, onion thri lati . . .
\év(lmsoilsjt c:?icl)%% fe;:Iers?gr e\(/)grl;)r;nalgps popuiations is about/zs inch long (Figure 0). Its body color ranges

Eggs. Female onion thrips have a saw-like struc- from pale yellow to dark brown. Its tiny wings are

ture called an ovipositor, which serves to make an inci_unbanded and dirty gray. In Hawaii, this species has a

sion in the plant tissue for egg-laying. The eggs aredarker form during the cool season. Males are wingless

placed singly, just under the epidermis of succulentang extrre]:melyl rare.bFetn;acl)les live for about 2-3 weeks,
leaves, flowers, stems, or bulbs. The eggs are eIIiptica"T‘n each can fay abou €ggs.

and very small (aboufzs inch long). They are whitish HOSFS' Onion thrips prefer to feed on onions and
when deposited and later develop an orange tint. Hatchqther alliums, but they also feed on many cultivated crops

ing generally occurs in 4-5 days in Hawai. as well as uncultivated plants in at Iea;t 25 families.
Larvae. The egg hatches into the first-instar larva, Am_ong the crop hc_)sts are bean, erCCOH' cabbage, car-
nation, carrot, cauliflower, celery, Chinese broccoli, cot-
ton, cucumber, garlic, head cabbage, leek, melon, or-
chids, papaya, peas, pineapple, rose, squash, and tomato.
Biological control. Several parasitic wasp species
were introduced to Hawaii in the 1930s in an attempt to
help control the onion thrips. Only one, however
(Ceranisus mengsbecame established, and its impact
on onion thrips is not considered to be significant. On-
ion thrips are also subject to a variety of general preda-
tors such as spiders, minute pirate bugs, predaceous
thrips, and predaceous mites, which occur throughout
Figure 2. Closeup of an adult onion thrips. most onion fields. Unfortunately, these natural enemies
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do not generally provide economically effective control resistance, environmental hazard, and outbreaks of sec-
of this pest. Onion thrips populations therefore need tmndary pests such as leafminers. Certain thrigmila-
be closely monitored and controlled with insecticidestions are resistant to some pesticides, a trend that varies
when the action threshold is reached. with the history of insecticide use against them. There-
Other natural control factors. Rainfall and tem-  fore, differences in insecticide effectiveness may exist
perature are probably the most important natural factorbetween individual farms. For example, methomyl
controlling thrips populations. Thrips populations are (Lannat®) is frequently used in many onion producing
often greater during the warmest months of the year irareas for onion thrips control. However, methomyl is
Hawaii (July—September). Sprinkler irrigation is some- not effective for onion thrips control on Maui because
times used to control thrips. of resistance resulting from intensive use of this insecti-
Monitoring and action threshold. Scouting for  cide (see Table 5). Similary, in New York state, onion
thrips consists of inspecting individual plants in the field thrips showed tolerance of Amb®siMustand, and
and counting the number of thrips present. An “actionWarrior® applications in commercial onion fields, with
threshold” is the average number of thrips per plant obvariations in tolerance observed from area to area and
served during monitoring at which level it has been defrom farm to farm within an area. The variation in in-
termined that management action should be taken. Monisecticide tolerance observed in the New York survey was
toring and treatment is necessary only during the prelikely affected by the spraying practices of the individual
bulbing stage of crop development (see Figure 2, p.00¥armers.
Based on a field trial conducted at the Kula Research Insecticides.Synthetic pyrethroid insecticides such
Station in 1998, an action threshold of 10 thrips per planas Warriof (lambdacyhalothrin) and Amrfig(cyper-
was suggested. A grower should consider counting 1@nethrin) are very effective in controlling onion thrips.
plants per site. If monitoring finds a total of 100 thrips Other insecticides commonly used for onion thrips in-
after less than 10 plants are inspected, the decision woulklude malathion, diazinon, oxamyl (Vydaje and
be to spray. For example, if monitoring finds a total of azinphos-methyl (Guthiéi. The effectiveness against
100 thrips after only four plants are counted, the decithrips of some commonly used insecticides was evalu-
sion would be to spray. If monitoring finds a total of 90 ated in Kula, Maui (Table 5).
thrips after 10 plants are inspected, the decision would Onion thrips resistance managementUtilizing
be not to spray, because the action threshold of an aveappropriate cultural pest management strategies and
age of 10 thrips per plant was not exceeded. Use of applying insecticides based on the action-threshold
hand lens is recommended for monitoring thrips. Caremethod are the basic approaches to resistance manage-
ful attention should be given to the leaf axils, where thripsment. An additional strategy is to rotate different classes
often hide (Figure 00). of insecticides. Malathion could be used to suppress
Cultural control. Prompt destruction of cull piles thrips populations in rotation with Warrfoor Ammd.
and turning under of crop debris by cultivation after Diazinon was not effective in the 1996 trial in Kula but
harvest reduces the abundance of onion thrips. Othenay be effective in other localities depending upon the
necessary sanitation techniques include weed control anistory of insecticide use.
separation of crops in space or time. Measures should
be taken so that transplants are as free of onion thrips
possible. Knowledge about alternate host plants is im*
portant to onion thrips management. For example, on-

econdary and occasional pests

ion thrips populations could build up to high levels in Agromyzid leafminer (Diptera, Agromyzidae)
cabbage plantings and move onto nearby onion plantingg€a leafminer _ Liriomyza huidobrensis (Blanchard)
when the Cabbage is harvested. Vegetable leafminer L. sativae Blanchard

Chemical control. The timing of insecticide appli- Celery leafminer L. trifolii (Burgess)

cations should be based on need as determined by moni- - gignificance.Agromyzid leafminers are secondary
tored th_rlps populz_;lt|on c_ounts. Specific con_trol reCOM-pests that can become a primary and serious problem
mendations for onion thrips vary among regions and argynen their numbers build to high levelseafminer

based on experience, research, and the increasing thregd,jation explosions often occur as a result of broad-
of insecticide resistance. Unnecessary insecticide app“Spectrum insecticide applications, which destroy their

cations increase production cost, the risk of insecticidg, sty ral enemies. Leafminer adults are small flies. and



their larvae are tiny maggots with chewing-type mouthstage, which lasts only 4-5 hours. The pupae vary in
parts. Losses due to leafminers are caused mainly bgize from%iooto Y100 inch (1.6 to 3.25 mm) long oo
their larvae, which feed by tunneling through the leaf.to %100 inch (0.7 to 1.1 mm) wide. The pupa varies in
The larvae live in the layer of plant cells just beneathcolor from light brown to almost black. Pupation may
the leaf epidermis and create winding trails (“mines”) occur on the ground or on the plant. The pupal stage
as they feed. In green onions, leaves can be completelgsts 8—-13 days.
girdled by larval feeding, causing the onion leaves to  Adults. Adults are abou¥ioo inch (2.1 mm) long.
die when leafminer numbers are high (Figure 0). AdultFemales live up to 18 days and males live about 6 days.
leafminers also cause stippling (tiny whitish spots) onFemale adults puncture the upper leaf surfaces with their
the leaves by their feeding and egg-laying activities. ovipositor and feed at these holes. These feeding punc-
Three species of leafminers have been recorded intures produce a stippled appearance on the leaf. The
festing bulb onion in Hawaii. The pea leafminer is the males, which lack an ovipositor, also feed in these punc-
most important leafminer species in commercial bulbtures. Eggs are laid in only a small portion (5-10%) of
onion plantings in the Kula and Pulehu areas of Mauithese feeding punctures.
whereas the vegetable leafminer is the predominant spe- Hosts. The pea leafminer feeds on a wide range of
cies infesting green onion plantings in Waianae, Oahuflowers, vegetables, and weeds. Some of its host plants
In addition to causing direct damage, leafminers alsdnclude bean, beet, Chinese cabbage, celery, cucumber,
contribute to indirect damage by allowing the entry anddaikon, eggplant, lettuce, melon, parsley, pea, pepper,
development of certain onion diseases. potato, radish, spinach, and tomato.

Biology of the pea leafminer Biology of the vegetable and celery leafminers

Eggs.Females lay an average of 8—14 eggs per day. Eggehe life cycle of these leafminer species is similar. The
are laid singly but often in close proximity under the average period of the life cycle from egg to adult is 21
epidermal cell layer. The whitish, translucent egg is aboutays, but it can be as short as 15 days. The length of the
Y100X 1000inch (0.3 x 0.1 mm). The egg stage lasts fromlife cycle varies with the host plant and temperature.
1% 10 4 days, depending on temperature and on the host Egg.Female adult flies lay eggs singly in punctures
plant. in the leaf epidermis. There is no egg-laying preference
Larvae. The larvae (maggots) hatch from the eggsbetween the upper or lower surface. The freshly laid eggs
and feed in the spongy mesophyll of the leaf. There arare creamy white and shaped like an elongated oval. The
three larval stages, which become progressively largeeggs aré’iooinch long and hatch in 2—-4 days.
with each molt. The larval stage may last from 4 to 10  Larva. The maggots are bright yellow to yellow
days depending on the temperature and host plant. green and about inch long and/so inch wide. There
Pupal stagesThe maggot chews a hole in the leaf are three larval stages, each completed in 2—-3 days.
surface and emerges from the leaf to pupate. There is a Pupal stage.The pupal stage is yellow-brown and
fourth larval stage before actual pupation, the prepupatlistinctly segmented. Pupae are rectangular with oval

Figure 4. Beneficial wasp parasitizing
a leafminer maggot

Figure 3. Leafminer damage to onion
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narrowing at the ends. This stage does no feeding dangiuctive potential, and the protection of eggs and larvae
age, and development is completed in 5-12 days. in plant tissue. Another important factor contributing to
Adult. The adult is a small fly aboltz inch long,  the difficulty of controlling leafminers with insecticides
matt-gray with black and yellow splotches. Adults live is the development of insecticide resistance. For ex-
for 10-20 days depending on environmental conditionsample, green onion growers in Waianae reported that
Hosts.There are over 20 hosts in the Cucurbitaceaeregistered insecticides did not effectively suppiess
Fabaceae, Solanaceae, and Brassicaceae plant familissitivae Elsewhere in Hawaii, intensively treatedsa-
In Hawaii, vegetable and celery leafminers are considtivae populations became 13 times more resistant to
ered pests of bean, broccoli, cauliflower, celery, Chi-pyrethroids than populations not heavily sprayed. Com-
nese cabbage, wintermelon, cucumber, eggplant, hyotamonly used insecticides can quickly lose their effective-
lettuce, luffa, pepper, pumpkin, squash, tomato, waterness as resistant populations are selected with frequent
melon, yard-long bean, and zucchini. use. Therefore, onion growers should not rely on insec-
ticides as a long-term management strategy for
leafminers. Rather, effective insecticides should be ap-
plied only when needed and as determined by monitor-
The major approach to managing leafminers in onion isng. Work is in progress to register effective insecticides
to conserve their natural enemies by minimizing appli-for leafminer control in Hawaii-grown onion.
cations of broad-spectrum insecticides. The application
of insecticides to control onion thrips and other targete
insect pests should be based on need as determined
monitoring rather than on a calendar-based schedule.
Biological control. Over 10 species of tiny wasps Significance.Beet armyworm caterpillars occasionally
commonly parasitize leafminers in Hawaii (Figure 0). cause significant onion crop damage. On green onions
The type of crop often influences which parasite spein Waianae, it is a significant pest primarily during the
cies are present. On Malttalticoptera circuluscom-  winter months, when its voracious feeding causes plant
prised up to 95 percent of the leafminer parasites recowdefoliation. Other crops attacked include basil, broccoli,
ered from onion crops, whiléhrysocharisp. comprised  beet, bean, cabbage, carrot, Chinese broccoli, corn, let-
5 percent. Similarly, the leafminer parasitexirculus  tuce, pea, pepper, potato, soybean, spinach, sweetpotato,
andGanapidium utilisappeared to suppress leafminer tomato, rose, and chrysanthemum. First found in Ha-
populations in celery in Kamuela, Hawaii, in the ab-waii in 1880, the beet armyworm is now present on
sence of pesticide treatments. The use of broad-spetiawaii, Kauai, Maui, and Oahu.
trum insecticides can cause leafminer population out- Egg. On onions, the eggs are deposited in clusters
breaks due to the destruction of these wasp-like parasf 20—100, covered by a white, hair-like material that
sites. In the absence of their natural enemies, leafminemmakes the clusters resemble small cottonballs. The eggs
populations build to higher levels. As a result, greaterare visible if the protective material is lifted. The egg is
crop loss from increased infestation levels occur. Thus,
pesticide applications targeting onion thrips must be bal-
anced with the conservation of natural enemies that co
trol leafminer populations.
Cultural control. Studies on the use of cultural con-
trol methods have been few, and the results are not verig®
promising. Row covers are effective in excluding
leafminers but are more expensive than chemical co
trols. Field studies in Hawaii intercropping bush bean
with onion neither reduced leafminer populations nor
increased activity of leafminer parasitoids.
Insecticidal control. Chemical control of leafminers
is difficult because of their short life cycle, the small
size and high mobility of the adult flies, the relatively
long pupal stage occurring in the sail, their high repro-

IPM for leafminers in onion

eet armyworm
S%odoptera exigua (Hubner); Lepidoptera, Noctuidae

Figure 5. Beet armyworm and damage.



a flattened half-sphere, white to pinkish, with fine lines are ingested. Control of beet armyworm in onion using
radiating from the top center. Eggs hatch in 5—7 days irBt is limited because the larvae live and feed within the
warm weather. hollow onion leaves. In general, spray applications tar-
Larva. The larvae (caterpillars) molt five times in a geting the early larval stages and good spray coverage
minimum of 16 days. The caterpillars grow progressivelyprovide the most effective control. Bt insecticides are
larger with each maltwith the last larval instar attain- specific to caterpillar pests and pose little harm to ben-
ing a length of -2 inches. The color of the larger lar- eficial insects and mites.
vae ranges from bright green to purplish green to black-
ish (Figure 5). The most common color phase is light . . .
green with a dark stripe down the back and a paler stripMmor Insect pests of onion
along each side. Latter stages of the beet armyworm are
much larger than larvae of the leek moth. The latterAsiatic onion leafminer
stage larvae are often protected within the hollow oniorf‘cro/epiopsis sapporensis (Matsumura); Lepidoptera,
leaves and are more difficult to control. Acrolepiidae
Pupa. Pupation occurs on or under the soil surface.The Asiatic onion leafminer (also known as the allium
The pupa is brownish and abdtitnch long. The pupal |eafminer) is a minor pest of onion in Hawaii. Growers
stage lasts about 17 days. should not confuse the Asiatic onion leafminer with
Adult. The adult moth is smaller than most other agromyzid leafminers. Asiatic onion leafminer larvae
armyworm or cutworm moths, approximatélyinch  are small caterpillars that damage plants by chewing on
long with a wing spread of 144inches. The body and and living within the tubular onion leaves (Figure 6).
wings range from silver-gray to grayish brown. The The Asiatic onion leafminer was first recorded in Ha-
forewings have a lighter spot near the center, while th&vaii in 1939 on the island of Oahu, although it was then
paler hindwings have dark borders with a light band aimis-identified as the European onion leafminer (leek
the wing edges. moth),Acrolepia assectella he Asiatic onion leafminer
Management.The control of broadleaf weeds and is also found on the islands of Hawaii, Maui, and Kauai.
the rapid disposal of crop residues after harvest may helphe caterpillars are abokit-¥ inch (7—8 mm) long when
to reduce pest levels. Little is known about the impor-mature and are much smaller than beet armyworm cat-
tance of natural enemies in controlling the beet army-erpillars.
worm in Hawaii. Populations of beet armyworm have  After slight mining, the small caterpillars usually
been easily controlled with insecticides in Hawaii, in penetrate the onion leaf near the tip and feed inside the
contrast to U.S. mainland experience. Synthetic pyrehollow leaf. Holes are sometimes eaten to the exterior
throid insecticides and methomyl can be used for beegain, but more commonly the damaged internal areas
armyworm control if needed (see Appendix Bacil-  appear on the outer surface of the leaf as pale spots.
lus thuringiensigBt) insecticides are effective in con- Extensive feeding may cause the tips to dry. Caterpil-
trolling certain caterpillar pests only when the bacterialars boring into the bulb near the leaf base may allow

Figure 6. Asiatic onion leafminer damage. Figure 7. Asiatic onion leafminer pupa.
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entry of bulb-rotting organisms. There are five larval seed treatment with either a soil-applied granular insec-
stages (instars). The pupae (cocoons) are usually vigicide or an insecticide seed-coating has been effective.
ibly attached to the outside of the leaves (Figure 7). They
also pupate on the soil or near plants. At/ {25°C), . .
the a?/efage egg incubation peri%d is 3 daygz the? Iarvai?mon aphid .

L T ! eotoxoptera formosana (Takahashi); Homoptera,
period is 13 days, and thg pupal period is 7 Qays. Aphididae

Adult moths have a wing span of approximataély
inch (8 mm). The forewings are ash colored, approachCommercial bulb onion plantings are rarely bothered
ing black. The forewing has a large, white, triangularby the onion aphid in Hawaii. This aphid (Figure 8) was
marking with smaller markings_ The hindwings are gray,described in Taiwan and was first recorded in Hawaii
approaching black. Adults rough|y resemble the dia-from SpeCimenS collected in Kaneohe, Oahu, in 1939.
mondback moth in size and general appearance. Littl&lost plants include green onion, chive, garlic or Chi-
is known about the natural enemies of the Asiatic oniorese chive, bulb onion, and pole bean. Wingless adult
leafminer in Hawaii. Insecticides generally effective for
the beet armyworm should provide control should the
need arise (see Appendix A).

Seedcorn maggot
Delia platura (Meigen); Diptera, Anthomyiidae

The seedcorn maggot is a minor pest of onion in Ha
waii. Failure of seed germination or seedling emergenc¢
is usually the first sign of infestation. The seedcorn mag
got can be a serious pest of bean and corn. Other crof
attacked include cabbage, cucumber, lettuce, pea, ar
potato. Crop damage occurs when the maggots burro
into seeds or seedlings. The maggots begin feeding o
germinating seeds or organic matter soon after hatchrigure 8. Onion aphids.
ing. Partially decayed seeds or injured seeds are its fa-
vorite foods.

Biology. Eggs are deposited close to seeds in soil
where there is abundant organic matter, seeds, or seed-
lings. Adult females lay an average of 100 eggs over a
3—-4 week period. Maggots are yellowish white to dirty
yellow, legless, and measure approximatélynch in
length and/ inch in girth in their later stages. The three
larval stages are completed in 12—-16 days. The mature
larvae pupate in the first 2—-3 inches of soil a short dis-
tance away from the host plant. Pupae are tan to brown
and less that inch long. The pupal stage lasts 7-20
days. Adult flies are brown, aboktinch long, and are
often mistaken for small houseflies. Adults may live for
4-10 weeks. Development of seedcorn maggots from
egg to adult takes 21-40 days.

Management.The greatest damage occurs in cool,
wet seasons and in soils containing large amounts of
organic matter. A preventive measure against seedcorn
maggot infestation is to plant when the soil and weather
promotes rapid germination. If using manure, let it age
and incorporate it thoroughly into the soil. Preventive

Figure D1. Pink root symptoms.



onion aphids are abo#ioo to 100 inch (1.6 to 2.3 mm) QOnion diseases

long, oval, and shiny magenta-red to almost black.

Winged forms are very dark red to black. Their wings Robin Shimabuku

are netted with conspicuous dark veins. Onion aphi ink root

populations are generally kept under control by natura

enemies, although outbreaks may occur on garlic chivgink root is one of the most serious diseases of onion in

or green onion in home gardens. Hawaii. This disease, caused by the fun@m®ma
terrestrisH.N. Hans. (synonyrRyrenochaeta terrestris

Western flower thrips [H.N. Hz_ans.] Gorenz, J.C. _V\/alke_r, and R.H.. Larson),

Frankliniella occidentalis (Pergande); Thysanoptera, occurs in many Commer_C|aI onion prOdF‘C'r?g areas

Thripidae throughout the world and is most devastating in warm-

. tropical and subtropical climates.

Although the Western_flower th__rlps_|s distributed pSymptomslnfeclc'ied roots are light pink at first, and

throughout all the major Hawaiian islands eXCePl s the disease progresses the color darkens to deep pink,

molokah I Ihs nota S|gnf||f|cant F;]e.St OLOHIOI’] n gav_van_.f_ to red, and finally to dark purple in the advanced stages
owever, the western flower thrips has caused signifi- Figure D1). In acid soils, the infected roots may be yel-

cant onion crop damage in onion-producing areas of th ow. In the early stages of the disease, the roots lose

soluth_err(;_#SA, s_ugh af) Texas, Gr(_)werﬁ may hzve CIIffIiheirturgidity and are semitransparent and water-soaked.
cu “lilm : er:?m'a'f:_?]g. etw(-;en Enlo_n t npshan west- In the advanced stages, the roots shrivel and die. As new
ern flower thrips. Thrips and other insects have strucyq develop, they also become infected and die. Al-

tl_Jreslcalleq sw_pﬁle _eyels (occell_ll)l, which are #Sed for ough the disease seldom kills the plant, severely in-
visual sensing. The simple eyes will appear as three smag, ., plants are stunted, show symptoms of nutritional

circular stru_ctures located between the large cqmpoun eficiencies, have fewer and smaller leaves, and tend to
c€yes. 'I_'he simple eyes of the western flower_thrlps haV‘tnt)ulb earlier. Infected seedlings may die or produce un-
a red pigment, whereas those of the onion thrips are gray. - rketable bulbs that are small or shriveled.

Growers can have thrips identified for a nominal fee by .. oo cycle and biolog¥he fungus lives in the
submitting samples of onion plants infested by thrips to,

he CTAHR Aaricultural Di ic Service C > surface soil (to % feet deep) and survives as small fruit-
the gricu tra |ag_nost|c ervice enter via ing bodies (microsclerotia) and in the debris of its host
CTAHR Cooperative Extension Service offices.

plants. It infects onion roots, but it cannot infect the basal
plate or fleshy portions of the bulb. Infection by pink
root can predispose the plant to fusarium basal plate rot
disease. Optimal soil temperature for the pink root fun-
gus development ranges fronf 6 85F. At 68°F there

is reduced infection of roots, and belowBery little

pink root infection occurs.

Disease management strategies

Cultural practices

Crop rotation.To reduce disease pressure, onions should
be planted in a 3- to 6-year rotation with plants that are
not susceptible hosts of the fungus. Susceptible host
plants that should not be grown in rotation with onion
including corn, soybean, tomato, eggplant, pepper,
squash, cucumber, cauliflower, cantaloupe, spinach, car-
rot, English pea, oats, barley, and ryegrass. Pink root
becomes most severe when onions are grown in con-
tinuous monoculture.

Resistant varietiesCommercial onion cultivars
have a wide range of resistance to pink root disease, and
where pink root is a problem, the goal is to find a resis-
tant cultivar with appropriate horticultural characteris-
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tics. Tolerance of pink root disease may be related to accur on the diseased basal plate and scales. Plants in-
plant’s ability to regenerate new roots in the presence ofected late in the growing season may appear normal at
infection, rather than any inherent resistance of the rootharvest, but the rot will continue from the stem plate
to infection by the fungus. Disease “resistance” may bento the bulb and become a postharvest problem.
limited by high temperatures (above’BR Disease cycle and biolog¥he fungus-usarium

Soil solarization.In studies conducted in the USA oxysporuni. sp.cepaepersists in the soil for many years
and Israel, soil solarization reduced the incidence anénd survives in infested crop residues or by producing
severity of pink root and increased onion yields. Thischlamydospores (overwintering spores). Optimum tem-
method involves raising the soil temperature by coverperatures for disease development are 77&ihd the
ing it with clear polyethylene plastic for a month or disease is not prevalent at temperatures beldw. 59
longer, and it is most effective when done during hot,  The fungus can directly infect normal, healthy roots,
sunny seasons, such as mid-summer in Hawaii. The soidllthough disease incidence is greatly increased if the
should first be tilled and moistened before covering itroots, stem plate, or bulb has been wounded. Wounding
with the plastic sheet. can be caused by cultivation, transplanting, thinning,

Reducing plant stres$sood management practices pink root infection, insects (onion maggot, wireworm),
that allow the onion plant to grow vigorously and take herbicide damage, etc. The disease is more prevalent in
up adequate amounts of nutrients and moisture can re¢ransplanted onions than in direct-seeded onions. In stor-
duce crop losses due to pink root. These practices inage, disease spread from bulb to bulb is not a major prob-
clude maintaining good soil tilth and fertility, managing lem. The fungus is primarily spread from field to field
moisture well, and controlling other insect pests and disby water, insects, and the movement of infested soil with
eases that reduce the onion plant’s ability to regeneratiarm tools and equipment.
new roots.
Chemical control Disease management strategies
Soil fumigation before planting has been shown to beCultural practices
very effective in increasing yields in fields infested with Crop rotation.A 3- to 4-year rotation with a crop that is
pink root. Currently, the most commonly used soil fu- not anAllium species (onions, garlic, leeks, chives, etc.)
migants are metam-sodium (Vapggrand chloropicrin  is recommended to reduce the incidence and severity of
(Telone C-17). In Australia and Texas, studies showed the disease. Some suitable nonhostg-w$arium
that the use of soil fumigants in conjunction with soil so- oxysporunare beet, carrots, lettuce, and spinach. How-
larization is more effective than using either individually. ever, with botlFusariumandPhomapresent in Hawaii,

Fusarium basal plate rot

Fusarium basal plate rot is caused by the soil-borne fu
gusFusarium oxysporum sp.cepae The disease oc-
curs worldwide and causes significant onion losses i
many countries. In Hawaii, this disease has caused a
nual yield losses of 10—40 percent, according to the Ma
Onion Grower Association.

Symptomsilnitial symptoms of the disease are pro-
gressive yellowing and dieback of the onion leaf tips.
Decay of the stem plate is normally associated with this
early foliar symptom. As the disease progresses, die
back occurs from the older to the younger leaves. Dis
eased roots eventually rot, and the infected basal plat
has a gray to brown discoloration (Figure D2). Infected
bulbs are discolored, and when cut open the disease
tissue appears brown and watery. During rainy and hu:

. . . Figure D2. Gray to brownish rot on onion basal plate caused
mid weather, a whitish growth of fungal mycelia can ' risarium oxysporum . sp. cepae.



carrots and spinach should not be used as rotation crop

Resistant varietiesI he use of resistant varieties has
been the most important control measure. At presen
however, no sweet onion cultivar with resistance to basa
plate rot is available, and only pungent Spanish type
are known to have resistance. Growers should check wit
seed company representatives for information on avail
ability of new resistant cultivars.

Postharvest handlingAt harvest, cure onions prop-
erly before storage. Ensure that packing sheds and sto
age areas are dry and well ventilated. Carefully sort an
remove diseased bulbs before storage. Losses duri
storage or in transit can be minimized by storing bulb
at 39F, because warm conditions favor disease devel
opment.

Mechanical injury to bulbs must be avoided during
cultivation, spray applications, and harvest to minimize
pathogen entry through wounds.

Chemical control
At present, there is no chemical control available. How
ever, in Japan, the use of fungicidal dips to transplante
seedlings has significantly reduced disease losses.

Downy mildew

Downy mildew is a serious disease affecting onion
leaves. It is caused by the fundReronospora destruc-

Figure 38. Early leaf symptoms of downy mildew on onion.
tor (Berk ) Casp and is Wldely distributed thrOUghOUt(Reprmted by permission of the American Phytopathological Society, ©1995.)

the Americas, Europe, China, Japan, New Zealand, Af-

rica, and the Middle East. This disease is most prev
lent during cool, moist weather conditions, which can
occur at higher elevations in Hawaii, and it is not a
much of a problem in warm conditions.
SymptomsThe disease appears during periods o
high humidity as elongated lesions on the surface of old
leaves (Figure 38). The lesions appear bluish-purple, an
a fine, furry, grayish-white growth may be seen on the
surface of the leaf during periods of high moisture. Af-
fected leaf tissues are pale green, later turn yellow, an
eventually collapse, killing the entire leaf (Figure 41). |
The fungus is only able to produce spores on youn
leaves. To detect the early presence of the disease in t
field, look for small, circular, yellow patches of diseased Fi9ure 41. Advanced stage of downey mildew leaf symptoms
plants that tend to enlarge in the direction of the prevall (Re[?rlr:tggby permission of the American Phytopathological Society, ©1995.)
ing winds. Under warm, dry weather conditions with
temperatures exceeding®Fsand relative humidity be-
low 80%, the disease will nearly disappear, but it may
reappear during cool, moist conditions.
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Disease cycle and biologpowny mildew overwin- -~ Purple blotch
ters on crop debris such as cull piles and diseased bulbs
left in the field. The fungus produces spores at night”urple blotch is a serious disease caused by the fungus
when humidity is high and temperatures are betweerflternaria porri(Ellis) cif., which attacks the foliage of
39° and 77F. Ideal temperature for sporulation is65 ~ Pulb and green onions and leeks. Outbreaks of purple
The spores are dispersed by the wind the following dayplotch are common throughout the world, but the dis-
and remain viable for 34 days. Infection requires tem-8ase is most serious in areas that experience hot and
peratures below ?E and leaf surface moisture from humid weather. Onion yield losses from purple blotch
rain, dew, or relative humidity greater than 95%. Thehave exceeded 50 percent in some production areas.
disease cycle is completed in 15-23 days, which includes SymptomsThe disease first appears as small wa-

a few days for sporulation, dispersal, and establishmeri€r-soaked flecks ¢ inch diameter) that enlarge into
of new infections. zonate, brown to purple spots or lesions 1-2 inches long

(Figure D4). The margins of the spots are reddish-purple
_ . and fringed by a yellow zone. In moist conditions, the
Disease management strategies surface of the lesion is covered with the dark, powdery,
Cultural practices brown to black spores of the fungus. Within several

Sanitation. Good sanitation practices reduce the inci- Weeks after lesions appear, severely affected leaves de-
dence of downy mildew in the field by minimizing the Vvelop blights and die. Heavily diseased plants may lose
amount of funga| inoculum present_ These practices ina” leaves and die. Bulbs are OccaSiona”y attacked as
clude removal and destruction of culls, crop debris, andhey near harvest, and normally a few of the outer scales
volunteer onion plants. are affected. Bulb rots start as watery decays on the neck
Crop rotation. Because this fungus attacks only egion and appear as a deep yellow to wine-red discol-
onion relatives, a 2- to 3-year rotation with nonhost cropsration. As these tissues dry, the affected scales develop
can reduce levels of inoculum in the field. Avoid plant- & Papery texture.
ing Allium species such as garlic, chives, and shallotsin ~ Disease cycle and biologyhe purple blotch fun-
the vicinity of onion plantings. gus survives from one season to the next primarily on
Creating conditions unfavorable for the disease infested crop debris and oth&ltium species. As condi-
organism.Avoid dense plantings and windbreaks that tions become favorable for the disease, the fungus will
create the humid conditions that favor disease developProduce spores that are disseminated by wind, rain, or
ment. The use of overhead irrigation is discouraged, bugverhead irrigation. In some cases, the fungus is seed
when it is necessary, irrigating in the morning rather tharPorne. Conditions that favor purple blotch development
in the afternoon will help reduce moisture levels on the@r® temperature over 7 and relative humidity over
leaves at night. Avoid excessive nitrogen fertilizer ap-90%. Disease pressure, therefore, is highest during pe-
plications. Orient onion rows in the direction of prevail- "10ds of warm weather and extended wet conditions due
ing winds to lower field humidity. Avoid poorly drained 10 rain or heavy dew. Under favorable conditions, the
soils, or, if drainage is poor, plant on raised beds. purple blotch fungus can form spores overnight and thus
Seedling productionBecause spores ¢ferono- ~ can spread very quickly. Leaf wetness for periods of 9—
sporaare spread by air movement, great care must pbél hours are conducive for spore production and infec-
taken to protect onion seedlings from this disease. They
should not be grown near fields where the disease is
present. Under humid conditions, the use of commer
cial potting media, raised benches, and a solid cov
(clear plastic or fiberglass roof) can help reduce see
ling susceptibility to downy mildew.

Chemical control

Fungicides should be applied at the first sign of the dis
ease or when conditions become favorable for disea
development. It is very important to cover the leavesrigyre pa. Purple blotch leaf symptoms caused by
thoroughly. Fungicides currently labeled for use in on- Aiternaria porri.

ion in Hawaii are listed in Appendix A (p. 00).



tion. Older leaves generally are more susceptible to inhumid conditions, the disease can spread rapidly
fection than younger ones, but young leaves infested witlthroughout the field. If this disease is allowed to kill the
thrips are susceptible. Young leaves also tend to becomanion leaves prematurely, losses in yield will occur due
more susceptible as the bulb nears maturity. to reduction in bulb size.

Botrytis neck rot occurs late in the season when the
bulbs are close to harvest, and it can occur throughout
the postharvest period. The plants often are symptom-
Cultural practices less in the field when infection occurs, with bulb rotting
Crop rotation. Rotation for 2—3 years with plants that taking place during storage or transit. Infection is through
are notAllium species will reduce incidence of purple succulent neck tissue or wounds on the onion bulb.

Disease management strategies

blotch. Symptoms first appear in the neck area of the onion as a
Sanitation.Remove all infected plant material from soft, semi-wet rot that eventually moves down into the
the field. bulb. The diseased onion scales appear translucent and

Creating conditions unfavorable for the disease watersoaked, with a whitish-gray fungal growth between
organism.All practices that reduce leaf wetness (de-the scales.
creased planting density, good soil drainage, drip irriga-  Disease cycle and biolog¥he fungus that causes
tion, scheduling irrigation early in the day) can reduceleaf blight overwinters in the soil under cull piles and

the amount of infection in the field. on infected plant debris as small, dark, compact masses
of fungal hyphae called sclerotia, which can survive un-
Chemical control favorable environmental conditions. As conditions be-

Fungicides can reduce the incidence and severity of theome favorable for disease development, fungal spores
disease. Because onion leaves are increasinglgre produced and serve as the primary source of inocu-
susceptibile as they mature and near bulb maturity, dum. The spores are disseminated by wind onto healthy
single spray application is not recommended. The conplants in the surrounding area. For infection to occur,
cept of “leaf wetness hours” (LWH) suggested by the Botrytis species that attack onions require, in gen-
Schwartz (1995) can be used as a guide for a fungicideral, cool temperatures of 55-°Faand prolonged peri-
spray program. By tracking the amount of LWH per day,ods of leaf wetness. For exampe squamosaequires

the fungicide spray interval can be adjusted, based otemperatures less than°Féand a minimum of 6 hours
the potential for disease development. If the LWH ex-of leaf wetness. If leaf wetness exceeds 24 hours, there
ceeds 12 hours per day, the spray interval should be shoi a likely chance that the disease will occur in the field.
ened. Conversely, if the LWH is less than 12 hours peiThe amount of disease that may occur is proportional to
day, the spray interval may be extended by several daythe duration of leaf wetnesBotrytis cinerearequires

It is very important to cover the leaves thoroughly with an optimum temperature of 9 for germination and

the spray. Fungicides currently labeled for use in oniormid-70s ¢F) for fungal growth. Older leaves tend to be
in Hawaii are listed in Appendix A (p. 00). more susceptible to the disease than younger ones.

Botrytis leaf blight, botrytis neck rot

In Hawaii, botrytis leaf blight and neck rot are signifi-
cant diseases of onion causedofrytissquamosa, B.
cinerea, B. allii,andotherBotrytisspecies.
SymptomsThe initial leaf blight symptoms appear
as small, white, sunken, necrotic (dead tissue) spots abo
Yo%+ inch in diameter (Figure 24). Sometimes the ne-
crotic spot is surrounded by a light green halo. As th
disease progresses, the leaf spots may expand and &
come oval in shape. Arapid dieback from the leaf tips (&
blighting effect) occurs as leaf spots on the leaves be™
come more numerous. Under prolonged wet, cool, an@'

gure 24. Botrytis leaf blight lesions on onion leaves.
eprinted by permission of the American Phytopathological Society, ©1995.)
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Botrytis neck rot is caused 1By allii and has a dis- nhecks well and harvesting during dry conditions. There-
ease cycle and biology similar to the otBetrytisspe-  fore, allow onion tops to dry down before harvesting to
cies, except that the neck rot disease can be seed bormeduce the potential for infection. Cure onions on the
The conditions that predispose onion plants to infectiorground for approximately 7—10 days if weather permits.
include moisture on the outer scales of the bulb late inTo hasten curing, undercut bulbs at maturity to allow
the season due to irrigation or rainfall, mechanicalfaster drying of the inner neck tissue. Avoid bruising
wounds, applying nitrogen either excessively or late inand mechanical injury to the bulbs. When harvesting
the season, and harvesting prematurely while the necksnder wet conditions, artificial curing of onions with
are still succulent. forced hot air (about 98) at 2 cubic feet per minute
per cubic foot of onion bulbs will help control neck rot
(see the sections below on artificial curing, p. 00, and

Disease management strategies storage, p. 00).

Cultural practices (botrytis leaf blight) Storage.Store onions in well ventilated rooms at
Crop rotation. Rotating onion crops for a period of at 32-33F and 70-75% relative humidity.
least 2—-3 years with noflium species can reduce in- Improvement of growing conditionsAvoid dense

oculum (sclerotia) buildup in the soil. The host range ofplanting to allow for good air circulation. The minimum
B. squamosancludes onionsAllium cepd, Japanese spacing between rows should be 1 foot, with 4 inches
bunching onionsA. fistulosum, A. boudhgend chives  between plants within the row. Use moderate amounts
(A. schoenoprasum of nitrogen fertilizers. Also, avoid applying nitrogen fer-
Sanitation. Use disease-free transplants. Removetilizer late in the season, which delays crop maturity and
from the field all onion plant material that may be a po-promotes large necks that are prone to botrytis neck rot
tential source of inoculum (cull piles, rotten bulbs, leafinfection.
debris, etc.).
Creating conditions unfavorable for the disease Chemical control (botrytis neck rot)
organism.To avoid long periods of leaf wetness when Botrytis neck rot cannot be controlled with fungicides.
using overhead irrigation, allow for enough daylight time Use treated seed to prevent field contamination. In Eng-
after irrigation for leaves to dry. Space rows approxi-land, Benomyt and Thirarfi seed treatments effectively
mately 12 inches apart to allow for good air circulation control this disease.
and leaf drying.

Chemical control (botrytis leaf blight) .
Fungicides should first be applied either when five true\Nhlte rot

leaves are present or when early symptoms of the dispy/hjte rot Sclerotium cepivorurBerk.) is not currently

ease start to develop. Spraying at 5-7 day intervals magynd in Hawaii, but elsewhere it is considered one of
be necessary when weather conditions are favorable fohe most important and destructive diseaseliaim

botrytis leaf blight development. Fungicides currently species. Where it occurs, this fungus is prevalent during
labeled for use in onion in Hawaii are listed in Appen- cqo| weather. Because white rot is a potential threat if it

dix A (p. 00). is introduced to Hawaii, the following information is
_ _ provided.
Cultural practices (botrytis neck rot) SymptomsThe initial symptom is a white, fluffy

that are noAllium species can reduce incidence of this of the pulb. Within the white mold on the decaying tis-

diseaseBotrytis allii can infect onionsA. cepg, garlic  gye can be seen sand-grain sized black sclerotia (hard,
(A. sativun), shallots Q. cepavar. ascalonicun leeks  gark, overwintering structures) resembling poppy seeds.

(A. porrum, and multiplier onionsA. cepavar.  |nfected plants will show premature yellowing and leaf

aggregatun _ . dieback, with the older leaves collapsing first.
Sanltatl_on. Remove frqm the field gll potential Disease cycle and biologclerotium cepivorum

sources of inoculum (cull piles, leaf debris, etc.). can survive in the soil for several months on infected

Harvesting and postharvest handlinghe keys to  pjant debris, and its sclerotia can persist in the soil for
effective management of botrytis neck rot are curing the, 15 20 years. The fungus can be spread from an in-



fected field to a clean field in water, on wind-blown in- progresses, the fungus may advance from the neck into
fected plant material (e.g., onion scales), or by transthe inner fleshy scales, and the entire bulb turns black
porting infested soil on farm machinery, tools, or shoesand shrivels. The diseased bulbs may also become in-
Germination of the sclerotia is stimulated by exudationsfected with soft rot bacteria, resulting in a mushy rot.
from the roots of Mium species, which can affect/a Disease cycle and biologyhe fungus is commonly
inch zone of soil around the root. Conditions that favorfound in the soil as a saprophyte on plant debris. In warm
white rot development are cool temperature (&8 areas, its spores can easily be found in the air and soil or
and moist soil. When the temperature exceeds &t on commercial seeds. Surveys conducted in New York
several hours in a day, the fungus stops growing. Thédentified high contamination levels in seed samples
optimum soil temperature for infection is 60=6& from both commercial and home-grown seed. The black
When soil temperature is above’F8the disease spread mold fungus becomes pathogenic at temperatures above

is reduced. 86°F and 80% relative humidity. Spores require 6-12
hours of free moisture (dew or condensation) to germi-
Cultural practices nate and infect the bulb. Infection usually occurs through

Avoidance.One of the most effective control measuresinjured tissues at the neck, bruises in the outer scales,
is to avoid introducing the disease to uninfested areasand wounds in the roots or basal plate. Optimum tem-
Plant only clean plant material. Onion seeds do not norperature for disease development ranges froft@&2
mally carry sclerotia, but transplants can. Do not moved3°F.
culls, crop debris, or soil from infested to uninfested
fields.
Sanitation.Clean equipment before moving it from
an infested field to an uninfested field. Remove all on-Cultural practices
ion debris from infested fields to reduce inoculum lev- Postharvest handlingAvoid bruising bulbs during har-
els (number of sclerotia in the sail). vesting, postharvest storage, and transport. Storing on-
Crop rotation. To minimize disease pressurs; ions at temperatures of 35-°60can reduce the growth
lium species should not be planted in infested fields forof black mold. In Texas, curing bulbs at 2BGand a
4-5 years. Rotation alone will not eradicate the diseaseelative humidity below 36% has been shown to result
because sclerotia are able to survive for up to 20 year$n reduced black mold incidence.

Disease management strategies

Chemical control Chemical control
Soil fumigation. The use of soil fumigants such as me- In Japan, researchers reduced the incidence of
thyl bromide may provide some control but may not bepostharvest black mold by dusting the tips of cut leaves
cost-effective. The use of metam sodium (Vapenas  of harvested onions with calcium carbonate. Also, con-
been shown to reduce sclerotia population levels in thérol of other foliar diseases reduces the incidence of black
soil, but control is inconsistent. mold in storage.

Fungicides.Fungicides applied at planting may pro-
vide marginal to adequate control (see Appendix A, p.
00).

Black mold

Black mold is a postharvest fungus affecting onions
during storage and transit. The fungus causing black
mold, Aspergillus nigefiegh, is common in areas with
a warm climate and high relative humidity.
Symptomeslnitially, infected bulbs may have a black
discoloration around the neck. Streaks of powdery black
spores can be found between the dry, papery scales and
the first fleshy scale (Figure D6). As the disease

Figure D6. Black mold, Aspergillus niger.
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Bacterial soft rot fected with the bacterium. Optimum conditions for dis-
B _ ~ ease development are temperature of 68=8@&d high
In Hawa.”, bactenal SOft rots have Caused Slgn|f|canthumidity. |f the temperature is above"mwhile the

losses of onions, especially when heavy rains occur beyylbs are in storage or transit, bacterial soft rot infec-
fore harvest. The disease is caused by a number of bagpn will continue to occur.

teria includingerwinia carotovoraPseudomonas gladi-

oli, and Enterobacter cloacaeDisease problems are _

observed during the preharvest and postharvest stageS/S€ase management strategies
Symptomsinitially the disease appears as a wilt, cyltural practices

when the leaves turn white or brown, collapse, and digreating conditions unfavorable for the disease organ-
(Figure D7). It progresses to the inner, fleshy bulb scalesgm Bacterial soft rot can be reduced by switching from
which become soft and water-soaked. Affected tissuegyerhead or furrow to drip irrigation when onions start
are initially yellow, becoming brown as the diseasetg pulb. The onion bulbing growth phase occurs when
progresses into the bulb (Figure D8). As the interior ofthe neck diameter is twice the size of the bulb. All cul-
the bulb starts to break down, a slimy, sour smellingyyra| practices that reduce field moisture and prolonged
liquid may ooze from the neck of the bulb when it is periods of high humidity will decrease bacterial soft rot
pressed (Figure D9). levels.

In Hawaii, Xanthomonas campestiiauses leaves Harvest and postharvest handlingo reduce in-
to have many white to yellow flecks and spots. Expan-fection, bulbs should be harvested when leaf tops are
sion of these spots results in leaf dieback and extensivge|l matured and dried to reduce infection. Thorough
blights of older leaves, causing stunted plants and smallyring of the bulbs before storage is essential to prevent
bulbs. infection, particularly by neck and bacterial rots. It is

Disease cycle and biologoft rot inoculum sur- 3150 important to minimize injury to the bulbs during
vives for short periods as bacterial cells in soil or |0ngerharvesting and postharvest handling. During wet peri-
on infected plant debris. The inoculum is spread in wads when environmental conditions are favorable for soft

ter from splashing rain or irrigation and on insects androt development, onions should be artificially cured with
farm implements. Initial infection can occur through fgrced hot air.

neck tissues of senesced leaves, but it is more commonly
the result of injury caused by equipment, herbicide, bruischemical control

ing, rain, sun-scald, etc. Outbreaks can occur duringacterial soft rots cannot be controlled with pesticides,
warm, rainy periods. Decay is rapid in onion bulbs in- although copper fungicides (KocitjeChamg) may re-
duce infection and incidence of the disease. In Georgia,
a spray mixture of copper and mancozeb is used to pre-
vent infection of susceptible onion varieties by bacte-
rial diseases such &swinia andPseudomonas

Figure D8. Cross-section of  Figure D9. Bacterial soft rot,
Figure D7. Onion field damaged by bacterial soft rots. onion bulb with bacteria. Erwinia carotovora.



Nematodes attack the roots of a very wide range of plants. This pest
can survive in the soil in a dormant state or in the roots
Plant-parasitic nematodes are microscopic roundwormsgf other weed and crop hosts. The female root-knot
Many species of nematodes live in the soil and infectyematode produces approximately 100—-1000 eggs in its
plant tissues, usually the roots. Nematodes known tgifespan. Temperature has a tremendous influence on the
attack onions are the root-knot nematddelpidogyne  |ength of the life cycle. Fav. incognitaandM. javanica
hapla, M. incognita, M. javanicaand M. chitwood),  the optimum temperatures for growth and development
stem and bulb nematodBifylenchus dipsagj stubby  5re 77-86F, whereas\l. haplaflourishes at 55— 7F.
root nematodeRaratrichodorusspecies), and lesion \when the temperature exceeds F4r drops below
nematode Rratylenchus penetrapsin the onion pro-  41°F Meloidogynespecies are inactive. Nematodes
ducing areas of California, root-knot and stem and bulomgye only several feet per season under their own power
nematodes are considered serious pests and cause sybyt are spread to clean fields through the movement of
stantial crop losses. Other states also have reported thgffested soil in flowing water or on equipment, machin-
nematodes suppress onion growth and yield. ery, boots, and vegetative planting material (onion trans-
In Hawaii, root-knot nematodevi incognitaand  pjants and sets). Nematodes tend to be more of a prob-
M. javanicg is the only recorded serious nematode pesiem in sandy soils than in clay soils. Generally, when
that periodically causes yield losses of onions. The renithere is less water stress on plants during the crop grow-

reported to infect onion in Hawaii but its effect on yield

and quality is unknown. _ .
SymptomsRoot-knot nematodes cause root swell- DiSéase management strategies

ings or galls of various sizes and shapes. The galls cagije|q evaluation.In order to make sound nematode
be as small &&sinch in diameter. With the aid of a hand management decisions, take soil samples before plant-
lens (at least 10x magnification), egg masses produceghg to determine which nematode species are infesting
by female nematodes can be seen on the galls. Infectqfle soil and at what population levels. The first step in
secondary root systems have abnormally small rootletgaking soil samples is to divide the field into sampling
with excessive branching. Infected plants become stunteg|qcks determined by observed variables such as the type
and turn yellow due to a loss in function of the root sys-of crops previously grown, crop productivity, the crop
tem and a resulting decline in plant vigor. In infestediq pe grown, and soil type and texture. If the sampling
fields, the result of nematode infection can be observegyea is uniform, then 5-20 acre blocks can be represented
in clumped patterns of different growth. The amount ofby a single composite sample from 15-20 subsamples
damage that occurs to the onion crop is directly relategf yniform size. Take the subsamples in a systematic
to the size of the nematode population in the soil beforgjg.zag pattern so that the entire area is represented. Each
planting. Due to reduced plant vigor, infected plants prosypsample should consist of a profile of the root zone
duce bulbs that are smaller than normal. from the surface to approximately 12 inches depth. Mix
Plants affected by the stem and bulb nematode (alsghe subsamples thoroughly in a clean bucket. From this
called bloat nematode) appear stunted, with leaves thahixture, take a sample of about 1 quart for analysis. Do
are short and thick with yellow or brown spots and swol-pot expose samples to excessive heat or cold; use an
len (bloated) stems. The characteristic symptoms of thighsylated cooler while collecting the samples. Take
infection is the presence of plant tissues that are bloate@ammeS to the CTAHR Agricultural Diagnostic Service
with a spongy appearance, and that split open. Infecteenter (ADSC) or another commercial laboratory for
seedlings are twisted, stunted, and deformed. Bulbs Oénalysis as soon as possible. If using ADSC, samples
older infected plants will split open or produce doubles.can be sent via local CTAHR Cooperative Extension
Other parasitic nematodes that are not of major im-geryice offices; call to determine the best time to de-

portance to onion production are the lesion nematod@yer the sample for prompt shipment to ADSC.
and stubby root nematode. The lesion nematode causes

stunting of plants and irregular or elongated light to darkcyitural practices

colored lesions on the roots. Symptoms of stubby rootrop rotation. Grow nonhost crops for a minimum of

nematode infection are reduced plant growth and shornree years between onion crops. Root-knot nematode has

stubby, deformed roots. a very wide host range, making nonhost crop selection
Disease cycle and biologiRoot-knot nematodes  yery difficult. Sudan grass and sorghum-Sudan grass hy-
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brids (Sudax) are nonhosts of many root-knot nematodg\/eeds
species and thus are suitable green manure crops in rota-
tion with onions whereloidogynds present. Nonhosts Hector Valenzuela

of the stem and bulb nematodes include soybean and pgtegrated pest management (IPM) strategies can be used
tato. Fallow periods may be helpful in controlling nema- manage weed competition in onion production. Like
todes. Bare-fallow periods of three or more months argy |pm program for insects, IPM for weed control uses
helpful in reducing nematode population levels. pest identification and monitoring, sanitation, alterna-
Sanitation.Clean all machinery, tools, and footwear ijye cultural practices, and timely pesticide (herbicide)
of nematode-infested soil before moving into Uncontami'applications. Making a weed map for each field helps in

nated fields. _ o the design of weed control measures and provides a
Mechanical.Tillage and plowing will destroy plant  record of weed problems.

roots and expose the nematodes to ultraviolet radiation  cyjtyral control practices for weeds include shal-

and desiccation. _ _ low cultivation, plowing, disking, hoeing, crop rotation,
Resistant cultivarsNo onion cultivars are currently - growing cover crops or living mulches, control of weed
resistant to nematode pests. rowth forced by irrigation before planting, organic or

Avoidance Plant nematode-free seeds (the stem ang|astic mulching, and herbicide applications. Transplant-
bulb nematodeDitylenchus dipsacican be found on jng onjons aids in managing weeds because it avoids 2
seeds). Prevent the movement of nematode-infested Sqihonths of weed control. Proper field preparation can-
and infected seedlings or sets to uninfested areas. Ifyot pe overemphasized as a recommendation to benefit
fested soil can be transported in water and on machingpjon growth and minimize weed problems during the

ery, tools, and footwear. crop growth cycle. It is important to be aware of the
_ weed species that are expected to flourish in a field
Chemical control planted to onions. Then it is possible to plan and de-

Soil fumigation and nematicidesPreplant soil fumi- velop a control program.
gants are effective in reducing nematode population  opjons are poor competitors against weeds due to
densities, but they are expensive, difficult to apply, andneir slow, vertical growth that fails to shade out weeds.
toxic. With the growing concern for protecting our en- Thus, early weed control is important in onion produc-
vironment from pesticide contamination, continuedjon, plans for weed control should be made well ahead
availability of fumigants is unlikely. Soil fumigants and s planting, at least a year in advance. It is recommended
nematicides currently (1999) cleared for use are listeqq ayoid fields with a history of high nutgrass infesta-
in Appendix A (p. 00). To obtain effective control, read tion, (If nutgrass is a problem, see CTAHR publication
to follow the manufacturer’s recommendations given ONL_.9, Nutgrass control in the lawn, landscape, and gar-
the product label. den) Cultivation should be conducted carefully to pre-
vent root damage; it may not be advisable to cultivate
onion fields after the four- or five-leaf stage. Crop rota-
tions and the use of cover crops are important tools for
managing weeds as well as for breaking the life cycles
of insect pests and disease pathogens.

Maintain a record of herbicide applications in on-
ion fields. Also, have pesticide labels available to be
aware of possible plant-back restrictions and potential
carry-over effects on onion production. Herbicides
known to have a detrimental effect on onion growth in-
clude diuron, Pursliit Cadré, ZorialP’, Broadstriké,
Grazon P+D, RefleX, Commané, and possibly Prowl
(for direct-seeding, for a 6-week period following a
Prowl application).

For optimal herbicide applications use flat-fan
nozzles, spray at speeds of 3-5 mph, and spray volumes
of 30-70 gallons/acre (gpa) at a pressure of 20-30



pounds per square inch (psi). with other herbicides on onions with two or three true

A “stale seedbed” technique for planting onions mayleaves; Prowl (pendimethalin) used as a broadcast spray
be followed. Prepare the beds at least 6 weeks beforwhen onions have two to nine true leaves; Poast
planting by cultivating lightly, then use flame or a con- (sethoxydim) for grass control; and Fusilade 2000
tact (“burndown”) herbicide every two weeks to kill the (fluazifop), which is active only on grasses and can be
flushes of weeds emerging before planting or seedlingapplied in onions with one true leaf. Fusilade treatments
emergence. If the soil is not further disturbed, this techwere more effective when grasses were in the 2—6-leaf
nique can eliminate over 90 percent of the weed seedstage and not drought stressed. Split Fusilade applica-
in the surface soil layer. Follow-up controls after croptions were possible as long as the total allowable vol-
establishment may include cultivation or herbicide ap-ume per growing cycle was not exceeded. Research in
plications. Canada showed that Poast and Ptiamorked better on

Refer to the pesticide label for the appropriate on-large grasses with nighttime applications. Research in
ion growth stages with respect to the proper timing ofMichigan found purslane to be relatively tolerant of
herbicide applications. Prowl.

Before making any herbicide application, read the  Research in New York indicated that a tank mix of
label to verify that its use on onions is allowed. Pesti-DualP and Godl resulted in excellent burn-down of yel-
cide labels change frequently, and pesticides registereldw nutsedge and other weeds and was safe on onions
in other states may not be registered for use in Hawaiiwhen Goal was applied at 1-2 oz/acre a.i. During hot
The statements here about herbicide use and performanaeather, however, tank mixes of Goal and Buctril re-
are for information purposes only and should not be consulted in low levels of injury to onions.
sidered as recommendations or to imply that use of the Also in New York, postemergence Basa§raip-
herbicides mentioned is permitted in Hawaii. plication provided good control of yellow nutsedge un-
der high temperatures, especially after a second appli-
cation, with some injury observed in onion plants. On-
ion injury with Basagran was minimal if the seedlings
Pesticides that have been used to manage weeds in dmad at least five leaves. In addition, tank mixes of Prowl
ion before planting include the soil fumigant Vafam and Frontie? applied at early onion emergence did not
which is applied to well prepared, moist soil 10—14 dayscause injury on onion and resulted in excellent weed
before planting. Vapam also provides some control ofcontrol.
certain soil-borne diseases and nematodes. Gramoxone Prisn® is registered in some states for control of
(Rounduf) has also been used before planting, or aftetoth annual and perennial grasses. Prism thus provides
planting but before onion emergence. Preemergencbroad-spectrum grass control, and it has no rotational
herbicides applied before the weeds begin to germinategstrictions.
and within 3 days of transplanting, require moisture for ~ Nitrogenous fertilizers have been used effectively
activation. Apply 1 inch of irrigation if rainfall does not in the past for weed control in onions. Ammonium thio-
occur within 5 days of application, following a pre-emer- sulfate, ammonium nitrate, and N-phuric have been used
gence herbicide treatment. In New York, Bu€tdlp-  in California on broadleaf seedlings. Onion seedlings
plied after seeding but several days before onion ememith one true leaf were not injured with the nitrogenous
gence provided effective broadleaf control with no cropchemical treatments. N-phuric, which consists of urea
injury observed. plus sulfuric acid, at 20 gallons in 40 gallons of water
per acre, gave excellent weed control. Ammonium thio-
sulfate and ammonium nitrate gave good weed control
at 60 gallons per acre.

Do not apply hon-ionic surfactants, crop oil concentrates,
or additives in combination with postemergence herbi-
cides. These products can penetrate waxes in the onion
leaves, resulting in herbicide damage.

Postemergence herbicides that have been used for
onion weed control include G&applied on onions with
two or more true leaves; Buctril applied in combination

Preplanting and preemergence herbicides

Postemergence herbicides
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Harvest and postharvest practices

Hector Valenzuela

Timing Protection of bulbs from the sun is provided by placing
the bulbs under the tops of the plants. In some cases,
Onion maturity is reached when elongation of new leavegnjons are placed on drying racks protected from rain.
into the stem stops, the necks weaken, and the tops fallfter the 3-5 day curing process the tops are trimmed,
over. Onion crops generally are harvested when 10-2@aving about 3 inches above the top of the bulb, and the
percent of the tops have fallen over. When soil moisturggots are trimmed close to the bulb. The bulbs are then
is low, delaying the onion harvest after the tops havqoaded into a truck for transport to the cleaning, grad-
fallen may result in greater yields. In Florida, for ex- ing, and packing area.
ample, greater yields were obtained in plots harvested 3 Havesting practices vary in other onion production
weeks past the stage when 10-20 percent of the topgeas, based on the local soil and climatic conditions. In
had fallen over. Early harvest, before the bulbs haveome areas, it is recommended that onions be lifted about
matured, results in less weight per bulb, higher respiraqg days before harvest; this aids soil drying and pro-
tion rates, and a correspondingly reduced shelf lifemotes bulb maturity. Onions can be lifted with an in-
Delayed harvest, on the other hand, results in reducegiined, sharp blade drawn at a moderate tractor speed or
bulb firmness and increases incidence of postharvesyith a “rod-weeder,” which is a tractor-mounted, hy-
diseases. The time required from planting to harvest fogaylic motor-powered, counter-clockwise rotating
onions in Hawaii is listed in Table 6. Onion production square bar. To hasten bulb maturity in North Carolina,
in greenhouses allows for precise water management ange soil is worked away from the bulbs beginning about
later harvesting, which maximizes yield. 1 month before harvest. This process involves two or
three cultivations, resulting in one-third of the bulb be-
ing exposed about 7-10 days before harvest. In some
Production yields cases, a subsurface knife is used to cut the roots a few
inches below the bulb to further promote bulb drying.

Commercial yields for the sweet bulb onions grown in .
Hawaii are in the range of 12,000-15,000 Ib/acre (240_The onions are then harvested when 75 percent of the

: ops have fallen over. For the harvest operation, the on-
300 50-Ib bags) with stands of 43,400-65,100 plamsoi?ns are dug mechanically or pulled by hand. Once the

acre. Bulb onion yields in other areas are 20,000-40,00 . ) i
Ib/acre (400-800 bags) in North Carolina: about 25,00 ops and roots have been trimmed, the onions are trans

Ib/acre in Texas; 40,000 Ib/acre in Arizona; 18,000 Ib/

acre in Georgia; and 22,000-25,000 Ib/acre with stands
of 144,000 plants/acre in Puerto Rico with ‘Texas Gran
502'. “Good” yields for U.S. grown pungent or dry-type
onions are 31,000 Ib/acre with stands of 104,000 plants/
acre. Under greenhouse conditions, yields in experimen-

Table 6. Time from planting to harvest of onions in Hawaii.

Days to harvest

. . ro From seed From sets

tal soil beds in Volcano have exceeded 2 Ib/square foo(t: P

of bed. Bulb onion 100 — 180* 70 -120
Shallot, multiplier,
and non-multiplier

. . green onion 75-120 50-75

Harvesting operations ,

Futo-negi 160 — 200

Sweet onions in Hawaii are hand harvested. HarveSteQ‘Sreenhouse—grown onions at the CTAHR Volcano Research Station (4000 ft

onions are laid in a windrow and left for field Curing elevation) have taken as long as 240 days from seeding to harvest.
" (Adapted from Fukuda 1990)
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ported from the field within 1-2 hours and taken to cur-tion of improved cultural practices (such as lower plant-
ing rooms. In Texas, bulb onions are lifted with a me-ing densities, or planting in raised beds), and other
chanical rod-weeder, tops and roots are trimmed wittpostharvest handling practices, it may improve the prof-
hand clippers, the bulbs are placed in bags, and the bagability of onion production in Hawaii.
are left in the field for a few days to cure the onions.  The artificial curing process consists of exposing
The onions are then lifted with a loading machine orbulbs to ventilation (1-2 ¥minute for every ftof on-
placed by hand into trucks and transported to a packingpns) at 90-99- and 65% relative humidity (RH) for a
shed. Timely removal from the field and proper curing period of 2—4 days. RH greater than 65% is required to
is essential to maintain postharvest quality. maintain good skin color, and RH lower than 75% is
required to promote drying and prevent staining of the
skin. A sling psychrometer or a hygrometer can be used
The curing process to monitor RH during the curing process. Onions can be
artificially cured with forced-air driers, electric infrared
Onions are cured to dry the neck, roots, and outer scalgdiation, and solar conversion systems. Also, placing
tissues. Effective curing results in less incidence ofsingle layers of onions on elevated wire benches in a
postharvest diseases such as neck rot, which results whgReenhouse has proven to be effective in Hawaii for cur-
botrytis and similar pathogens enter neck wounds to ining onions.
fect the bulb. The length of the curing process depends | greas like Hawaii, where humidity can be high
on field temperature, humidity, air movement, and theand unexpected rainfall is common, forced hot-air dry-
moisture content of the neck at topping. If the onionsing is an option for curing onions. In this process, ma-
are harvested at a mature stage, a couple of curing daygred and partially field-cured onions are placed in bins
may be sufficient. In well matured bulbs, a 3-5 perceniyjth siatted floors. Beneath the floors are ducts that al-
weight loss is sufficient for curing, but a weight loss of jo heated air to circulate upward to uniformly dry the
10 percent or more may be required in less mature bulbgnjons, Pallet boxes with slatted bottoms are placed over
The best indication of complete bulb drying is the con-heat tunnels, so that air is forced up through the bulbs.
dition of the neck. It should be tight and dry nearly 0| the southern United States, mobile trailers used for
the surface of the bulb, and the outer scales should bgying hay or peanuts are modified for forced hot-air
dry and rustle when touched. curing of onions. To heat the air, commercial crop dry-

~ Properly cured onions have increased shelf life, buters are available that use propane, oil, or gas for fuel.
this is influenced by the particular cultivar. In Florida

experiments, cured onions were held in an open barn

for 3 months with little or no decay, and cured ‘TeanGrading

Grano 502’ developed only 7—10 percent decay after stor-

age for 2 months, although ‘Yellow Granex’ developedBuyers normally set a minimum onion size of 2 inches

44 percent decay in the same treatment. diameter for dry pungent onions, although some buy
onions ¥ inches in diameter. Onions 343nches in
diameter normally bring a premium price. Standard on-

Artificial Curing ion sizes are (inches in diameter) > 4 colossal, 3—4 jumbo,
2-3.5 medium, and 1-2 small. Other sizes include re-

It is recommended that growers have covered curinq)acks (%+3) and boilers (<2). The market for sweet

facilities to pl’event bulb rotting in the field during peri- onions calls for jumbo SizeS, and growers often try to
ods of rainfall or excessive moisture at harvest and curproduce crops that are 75 percent jumbo grade.

ing. Field-curing is possible only when humidity is low

and no rainfall is expected. Over the past few years, onion

growers on Maui and Oahu have suffered significantHand"ng and packing

postharvest losses due to wet weather during the pre-

harvest and field-curing stages, especially when the rainydarvest and postharvest practices should be designed to
season has extended into the spring months. Artificiaminimize the two types of physical damage that affect
curing is a standard practice in many onion-producingonions: surface injuries and bruising. Surface injuries
areas of the U.S. mainland, and together with the adopare caused by cuts and punctures during harvest, top-



ping, or root-clipping. The surface cracks are penetratedf the atmosphere by lowering oxygen levels in the stor-

by microorganisms, resulting in internal bulb decay.age room has extended shelf life and maintained the

Bruising, induced by impact shock or vibration dam- quality of sweet summer onions for 3 months in stor-

age, causes cracking of the outer bulb scales. Bruisingge. Similarly, use of controlled atmosphere for the

damage occurs most often when loading and unloadinyidalia sweet onions in Georgia has allowed that indus-

onion sacks. When packing lines are used in large-scalgy to expand the sweet onion season, stabilize the vol-

operations, areas where impact damage occurs includeme of onions marketed from week to week, and in-

the unloading conveyor, loading drying bin, wire trans- crease the size of the popular Vidalia sweet onion in-

fer belt, incline to scale brusher, incline to pregrader,dustry. The introduction of controlled-atmosphere stor-

incline to sizing rings, incline to labeler, and labeler to age allowed many firms to double their volume of sweet

mesh bag section. onion sales. Atmospheric conditions under controlled
Sweet onions in Hawaii are normally packed in 50-atmosphere are kept at 3% carbon dioxide, 5% oxygen,

Ib mesh bags. Fiberboard boxes provide better protecand 70-75% RH.

tion than mesh bags and are becoming more popular in

the continental United States. Dry pungent onions are

distributed by U.S. packers in combinations of 2-, 3-,

4-, and 10-lb consumer bags, and in 25- and 50-Ib sacks.

In the Imperial Valley of California, onions are also field

packed, where cured onions are sorted, sized, and packed

in burlap sacks with the aid of harvest machines. For

green onions, packing lines are available that can prune

roots and pack at a rate of 300 boxes per hour.

Storage

Onions should be transported and stored separately from
other kinds of produce, such as apples, celery, and pears,
which readily absorb onion odors. Onions also can ab-
sorb odors from other commodities, such as apples. Also,
well cured onions will draw moisture from nearby fresh
fruits and vegetables. Because sweet onions do not store
well, Hawaii onions are not normally stored for any
length of time. If storage is desired, well cured onions
can be stored at 32 with a 65-70% RH. Exposure to
ethylene during storage or transport may result in sprout-
ing or growth of pathogenic fungi. Symptoms of freez-
ing injury in onions include soft water-soaked scales and
decay from microbial growth. Potential diseases of con-
cern during storage or transport of onions include black
mold, botrytis bulb rot, fusarium basal rot, and bacterial
diseases (these are described in detail elsewhere in this
book).

Modified-atmosphere and controlled-
atmosphere storage

The development of alternative storage technologies may
allow for the short-term storage of sweet onions, de-
spite their limited shelf life. For example, modification
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Market information

Hector Valenzuela

Supply In 1996, Hawaii imported about 17 million pounds
of bulb onions. Local production on 210 acres repre-
California, Texas, Colorado, Oregon, New York, and sented 10 percent of the bulb onions consumed locally
Idaho are the major states producing dry onions. Fronyng had a farm-gate value of about $2.4 million. Hawaii's
September to March, most of the dry pungent oniongecent production of bulb onions, consisting only of the
consumed in the USA are summer-grown storage Ongyeet types, has ranged from 1.1 million pounds in 1990
ions. Over-supplies often occur during the spring wheng 2 3 million pounds in 1995.
sales of the previous summer’s storage onions overlap gecause Hawaii imports over 90 percent of the dry
with new supplies from spring onion harvests. However,pungent onions consumed in the state, there is an op-
prices may increase in the spring if supplies of the sumportunity to increase the acreage of pungent onion pro-
mer-storage onions have dwindled and if spring oniongjyction here. However, production costs must be low-
are scarce. Over 38,500 acres are planted nationwidg,eq through the use of modern technology to allow
for the spring onion crop, with about 43 percent of thisawaii growers to compete against the current low prices

production in Texas. New Mexico is the largest onion g5_7 per 50-Ib bag) for dry onions from the continen-
supplier during the summer months, providing over 455 ysA.

percent of the dry onion supply during that period.

In the world market, the Netherlands is a major on-
ion producer, annually exporting about 500,000 tons oPemand
onions, which represents 90 percent of the onions growRer-capita consumption of onions has increased steadily
there. Innovative onion marketing programs developedn the USA as consumers have learned about the health
in the Netherlands include creation of a collective pro-benefits of consuming fruits and vegetables, including
motional institute (the NIVUI); sales under environmen- onions. Per-capita consumption of dehydrated and fresh
tal-quality labels; alternative packaging such as the usenions in 1970 was 10.1 Ib, increasing to 12.2 Ib by
of modified atmosphere packing; sales in specializedl982, and again increasing to 17.9 |b by 1997. In Ha-
trays such as a popular mixture of two yellow, two red,waii, per-capita consumption of fresh onions in 1985
and two white onions in one package; and sales ofvas reportedly 14-15 Ib, and this has remained con-
semiprocessed products. Imports of bulb onions fromstant, lagging behind the current U.S. level.
Latin America into the USA have risen steadily overthe ~ The main uses for the sweet type onions are in sal-
past decade, ranging from 99,000 tons in 1989 to oveads, sandwiches, and hamburgers, and in dips, garnishes,
884,000 tons in 1996, with Mexico accounting for over various marinades, and also prepared as onion rings and
90 percent of these volumes. in other snacks.

Important sweet onion producing areas in the USA
include Georgia’s Vidalia region, where the popular Cost of production
onions of the same name are grown in a 20-county area
on about 15,000 acres harvested from mid-April to May,Cost of production for sweet onions in California in 1994
and Washington state’s Walla Walla onions, grown onwas about $1600 an acre, with water cost ranging from
about 1000 acres. Other states producing sweet oniorL20 to $280 an acre, depending on the snow pack for
include Florida, North Carolina, New York, California the particular season. Pre-harvest production costs for
(with over 3500 acres producing Imperial Sweets avail-onions in Florida were estimated to represent about 64
able from March to May), and Idaho (Spanish Sweetgercent of total cost, and harvesting and marketing rep-

from August to March, inc|uding |arge, firm ye”ow’ red, resented about 36 percent of total prOdUCtion cost. Pro-
and white onions). duction cost per acre in 1996 for some cultural practices
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Figure 3. The farmgate price of Hawaii onions is high when
supplies are low. This occurs during fall and winter, as

Figure 4. Onion production and price in the USA follow a
trend similar to Hawaii, but the prices are much cheaper.

illustrated by data for the period 1986—1996. When supplies are low and prices are high, imports in-

crease, as illustrated below with data from 1980 to 1993.
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Figure 5. Monthly mean area (acres) of bulb onion pro-
duction in Hawaii from 1986-1996.

economies of scale, Hawaii’'s costs are greater than pro-
duction costs in the continental USA.

A sound bulb onion production program is based on
well planned marketing (for additional information, see

acres the CTAHR publicationThis Hawaii product went to

17 marke). Prospective growers should understand annual
market trends (Figures 3 to 5), market competitors, con-
16 sumer needs, potential buyers, and market windows. To
15 keep abreast of changing markets and new business op-
portunities, they should maintain close contact with fel-
14 low industry representatives and with business, univer-
13 sity, Cooperative Extension Service, and government or-
ganizations.
12 A clear and up-to-date understanding of the farm’s
1 financial situation during the annual production cycle is
essential to sound marketing. Updated financial records
10 and the use of computer programs will help cut over-
9 head and increase production efficiency. Updated finan-
JEMAMGUJJASONOD cial information and well organized farm records are

also helpful in applying for loans, assessing crop losses
due to unexpected pest outbreaks, and making timely
production and financial decisions to take advantage of

in Georgia included about $200 for manual planting, $14P°tential investment opportunities or unexpected mar-
for GoaP herbicide application, $70 for hand weeding, K€t Windows.

$600 for manual harvest, and about $15-20 per bag for

controlled-atmosphere storage. With Hawaii’s smaller

acreage, greater manual labor demands, and lack of
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Appendix A. Pesticides for onions

The information on pesticides given here was taken fronCtbp Protection Reference GuiddePacific North-

west Disease Control Handbgand théJC Onion and Garlic Pest Management Guidelirzesl therefore may not

be applicable to all locations. Pesticides not approved for use in Hawaii cannot be used in Hawaii. Consult the
pesticide label for permitted uses, limitations, and application instructions. Read the pesticide label for the preharvest
interval and do not apply within the specified number of days before harvest.

Fungicides

Preharvest
Common name Trade name Amount / acre interval (days)

Downy mildew

Application of mancozeb fungicides such as M&r@tDithané provide protection against downy mildew and also
control botrytis leaf blight. Application of metalaxyl and chlorothalonil provide downy mildew control for approxi-
mately 14 days. Metalaxyl should be applied on a 14-day interval; in alternate weeks, apply mancozeb or chlorothalonil
to control botrytis leaf blight or purple blotch. Materials containing mancozeb should be used with a spreader-
sticker. Read the pesticide label for any restrictions on nonregistered crops following metalaxyl applications.

phosetyl-Al Aliette, WDG 2-31b 7
metalaxyl + chlorothalonil (Ridomil/Bravo 81W) 15-21b 7
metalaxyl (Ridomil MZ58) 2-251b 7
metalaxyl and copper (Ridomil/Copper 70W) 21b 10
mancozeb Maneb 80WP 2-31b 7
Dithane M45 2-31b 7
Dithane F45 1.7-2.4 qt 7
chlorothalonil Bravo Weather Stik 1.5-3 pt 7
copper Kocide DF 21b Reentry: 24 hrs.

Purple blotch

Spray programs for purple blotch are also effective for downy mildew control. Iprodione is particularly effective for
purple blotch, but mancozeb and chlorothalonil are also effective under conditions of high disease pressure. Iprodione/
mancozeb tank mixes are especially effective. Spray intervals of 5—7 days may be prescribed if leaf wetness periods
exceed 11 hours.

mancozeb Maneb 80 2-31b 7
Penncozeb 2-31b 7
vinclozolin Ronilan DF 15-21b 18
iprodione Rovral 1-151b 7
copper Kocide DF 21b Reentry: 24 hours
Champ Flowable 2.67 pt Reentry: 24 hours
chlorothalonil (Bravo Weather Stik) 1.5-3 pt 7



Botrytis

Chlorothalonil has provided excellent control of botrytis leaf blight, but mancozeb and iprodione are also very
effective. In New York, tank mixes of mancozeb and iprodione have been found effective for management of both
botrytis leaf blight and purple blotch.

mancozeb

vinclozolin
iprodione
chlorothalonil

White rot

(not currently found in Hawaii)

vinclozolin

Insecticides

Common name

Onion thrips

Lambda-cyhalothrin
Cypermethrin
Permethrin
*Zeta-cypermethrin
Malathion

Agromyzid leafminers

Manzate 200 3lb 7

Dithane M-45 3lb 7

Ronilan DF 1.5-21b 18

Rovral 1-151b 7

Bravo Weather Stik 1-2 pt 7

Ronilan DF 1.5-21b

Trade name Preharvest interval (days)
Warrior, Warrior T 14
Ammo 2.5 EC, Ammo WSB 7
Pounce 3.2 EC, Ambush 2 EC, Ambush 25W 1
Fury 1.5 EC, Mustang 1.5 EW 7

Various formulations 3

Parasitic wasps such Hsilticoptera circuluskeep leafminer populations in check in onion fields. Leafminer out-
breaks can occur when parasite populations are reduced by frequent applications of broad spectrum insecticides
Treat for onion thrips only when the action threshold has been reached to avoid unnecessary pesticide applications
Leafminers are difficult to control with currently registered insecticides due to resistance. Work is in progress to

register effective insecticides.

Caterpillar pests (beet armyworm and Asiatic onion leafminer)

Lambda-cyhalothrin
Cypermethrin
Permethrin
Zeta-cypermethrin
Methomyl

Seedcorn maggot

Diazinon
Chlorpyrifos

Warrior, Warrior T 14
Ammo 2.5 EC, Ammo WSB 7
Pounce 3.2 EC, Ambush 2 EC, Ambush 25W 1
Fury 1.5 EC, Mustang 1.5 EW 7
Lannate LV, Lannate SP 7
Diazinon AG500, Diazinon AG 600, Diazinon 14G 14

Lorsban 4E, Lorsban 15G
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Herbicides

Common name

Preplanting

Metam sodium
DCPA
Paraquat
Glyphosate
Bensulide
Pendimthalin

Brand name

Various products
Dacthal W-75
Gramoxone Extra 2.5EC
Roundup Ultra

Prefar 4E

Prowl 3.3 EC

Postplanting—before onion crop emerges

Paraquat
Bensulide
Pendimthalin

Gramoxone Extra 2.5EC
Prefar 4E
Prowl 3.3 EC

Postplanting—after onion crop emerges

Bromoxynil
Oxyfluorfen
Sethoxydim
Fluazifop-P-butyl
Clethodim

Nematicides

Common name

metam sodium
1,3-dichloropropene 94%
1,3-dichloropropene 78.3%,
chloropicrin 16.5%
1,3-dichloropropene 61.1%,
chloropicrin 34.7%
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Buctril, Buctril 4AEC

Type of weeds controlled

broadleaf weeds, grasses
broadleaf weeds, grasses
broadleaf weeds, grasses
broadleaf weeds, grasses
broadleaf weeds, grasses
broadleaf weeds, grasses

broadleaf weeds, grasses
broadleaf weeds, grasses
broadleaf weeds, grasses

broadleaf weeds

Goal 2XL broadleaf weeds, some grasses
Poast grasses
Fusilade DX grasses
Prism grasses
Trade name Amount / acre
Vapam, Sectagon Il, Soil Prep, Metam 60-100 gal
Telone Il 5.1-21.4 gal
Telone C-17 5.1-21.4 gal
Telone C-35 5.1-21.4 gal



